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(54) TRANSITION METAL COMPOUNDS, CATALYSTS FOR THE PRODUCTION OF 
ALPHA-OLEFINS AND PROCESS THEREFOR 

(57) A transition metal compound represented by the general fomiula (1 ): 
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or the general formula (2): 
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(2) 



wherein M. R1 o R15 r31 to R^s. x and n are as defined in the specification. By using a catalyst comprising (A) the 
transrtion metal compound of the fom^ula (1 ) or (2) containing a transition metal selected from the group consisting of 
elements of Groups 8 to1 0 of the Periodic Table; (B) at least one compound selected from the group consisting of an 
organoalummum compound (B-1), an Ionic compound (B-2) capable of converting the transition metal compound into 
a cationic transrtion metal compound, a Lewis acid (B-3). and clay, clay mineral and an ion-exchangeable layer com- 
pound (B-4); and (C) an optional organometallic compound, a-olefins are efficiently produced with a less amount of 
tjy-products such as heavy components and waxes. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a transition metal compound, a catalyst forthe production of a-olefins and a 
process for producing a-olefins. More particularly, the present invention relates to a transition metal compound suitable 
for forming a catalyst for the production of a-olefins which is capable of minimizing by-products such as heavy com- 
ponents and waxes upon the production of a-olefins, such a catalyst for the production of a-olefins and a process for 
producing a-olefins. 

BACKGROUND ARTS 

[0002] Hitherto, as the method for producing ethylene oligomers (also called "ct-olefins") by the polymerization of 
ethylene, there is known the process using a nickel complex (Shell Higher Olefin Process: SHOP). However, this 
method has such a problem that the catalytic activity of the complex is low. Recently, it has been found that a nlckel- 
diimine complex (Intemational Patent Publication 96/2301 0), or a chelate complex of Iron or cobalt (Chem. Commun., 
1988, pp. 849-850; J. Am. Chem. Soc, 1998, 120, pp. 7143-7144, and J. Am. Chem. Soc, 1998, 120, pp. 4049-4050), 
exhibits a high catalytic activity to the polymerization of ethylene. For example, as reported in the prior arts, in the 
production processes using an iron chelate complex as a main catalyst and a methyl aluminoxane as a co-catalyst, 
not only a high catalytic activity to the polymerization of ethylene but also a high selectivity to tenminal groups of ethylene 
oligomers produced, have been attained. Processes for the polymerization of ethylene using similar complexes have 
also been disclosed in International Patent Publication 98/27124, 99/02472 and 99/12981. However, any of the con- 
ventional processes has drawbacks such as the use of a large amount of expensive aluminoxane, the production of 
internal olefins as main products, and the production of a large amount of by-product polymers. At the present time, 
any conventional process for the production of a-olefins have failed to not only show an excellent catalytic activity per 
unit weight of catalyst used, but also reduce amounts of by-products such as heavy components and wax components. 

DISCLOSURE OF THE INVENTION 

[0003] The present invention has been made in view of the above problems. An object of the present invention is to 
provide a transition metal compound suitable for fonning a catalyst for the production of a-olefins which is capable of 
minimizing by-products such as heavy components and waxes upon the production of a-olefins, and shows a high 
activity to the oligomerization of ethylene, such a catalyst forthe production of a-olefins, and a process for producing 
a-olefins. 

[0004] The present inventors have found that a specific transition metal conripound containing a transition metal 
selected from the group consisting of elements of Groups 8 to 1 0 of the Periodic Table, and a catalyst for the production 
of a-olefins comprising the transition metal compound and at least one compound selected from the group consisting 
of an organoaluminum compound, an ionic compound, a Lewis acid, and clay, clay mineral and an ion-exchangeable 
layer compound, effectively accomplish the above objects. The present invention has been completed based on this 
finding. 

[0005] Namely, in a first aspect of the present invention, there is provided a transition metal compound represented 
by the general formula (1): 
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(1) 



wherein M is a transition metal selected from the group consisting of elements of Groups 8 to 1 0 of the Periodic Table- 
M° r^'^ '"t^spendently a hydrogen atom, a halogen atom, a CyC^^ hydrocarbon group, a C1-C20 halogenated 
hydrocarbon group or a hetero atom<;ontainlng group, and may be bonded to each other to form a ring- R4 and RS are 
a hydrogen atom or a Ci-Cgo hydrocarbon group with the proviso that at least one of R4 and RS represents a hvdroaen 
atom, aryl or substituted aiyl; RS to R15 are Independently a hydrogen atom, a halogen atom, a C,-C^, hydrocarbon 
group or a hetero atom-containing group with the proviso that at least one of RS and Rio or at least one of Rii and R15 
IS a hydrogen atom, and RB to R15 may be bonded to each other to fomi a ring; X Is a covalent or ionic bonding group 

'! ^ ^ °^ ^ P'^®^"*" ^^^^ 9'°^P^ '"^y same or different; and n is a valence of M ' 

[0006] In a second aspect of the present invention, there is provided a transition metal compound represented bv 
the general fonnula (2): r r / 




(2) 



o3iT oS^ ^ T'^'"" 9'°"P consisting of elements of Groups 8 to 1 0 of the Periodic Table- 

R to R33 are independently a hydrogen atom, a halogen atom, a C.-C^o hydrocarbon group, a C,-C2„ halogenated 
hydrocarbon group or a hetero atom-containing group; R34 and R35 are independently a hydrogen atom or a C.-C,„ 
hydrocarbon group; R« and R« are a C.-C^^ hydrocarbon group; R36 and R*i are a hydrogen atom- R37 to R^ are 

osy^^oS"^ ^ ^ ^ °' ^ ^1-^20 fiydrocartjon group with the proviso that at least one of 

R to R39 represents a halogen atom; R42 to R44 are Independently a hydrogen atom, a halogen atom or a C,-C,„ 
hydrocarbon group with the proviso that at least one of R42 to R44 represents a halogen atom- R3i to R35 or R36 r'I 
may be bonded to each other to fomi a ring; X Is a covalent or ionic bonding group, and when a plurality of X groups 
are present, these groups may be the same or different; and n Is a valence of M r / a h 

[0007] In a third aspect of the present invention, there is provided a catalyst for the production of a-oleflns, comprising; 

(A) any of the above transition metal compounds; and 

(B) at least one compound selected from the group consisting of an organoaluminum compound (B-1) an ionic 
compound (B-2) capable of converting the transition metal compound into a cationic transition metal compound 
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when reacted therewith, a Lewis acid (B-3), and clay, clay nnineral and an ion-exchangeable layer connpound (B-4), 

[0008] In a fourth aspect of the present invention, there is provided a process for producing a-olefinsby polynnerizing 
ethylene in the presence of any of the above catalysts for the production of a-olefins. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0009] 



NMR chart of 2,6-dlacetylpyridine-bis{4-fluoro-2-tolylimine) as a ligand prepared in EXAMPLE 23. 
NMR chart of 2,6-dlacetylpyridine-bis(5-fluoro-2-tolylimine) as a ligand prepared In EXAMPLE 24. 
NMR chart of 2,6-diacetyIpyridine-bis(3-fluoro-2-toIylinnine) as a ligand prepared in EXAMPLE 25. 
NMR chart of 2,6-pyridinedicarboxyaIedhyde-bis(4-fluoro-2-tolylimine) as a ligand prepared in EX- 



Fig. 1 is a "'H- 
Fig. 2 is a iH- 
Fig.Sisa'iH- 
Fig. 4 is a ""H 
AMPLE 26. 

Fig. 5 is a ^H-NMR chart of 2,6-pyridinedicarboxyaledhyde-bis(5-fluoro-2-tolylimine) as a ligand prepared in EX- 
AMPLE 27. 

Fig. 6 is a ^H-NMR chart of 2,6-pyridi nedicarboxyaledhyde-bis(3-f I uoro-2-toIy limine) as a ligand prepared in EX- 
AMPLE 28. 



20 PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

[0010] The a-olefins (oligomers) used herein include polymers having a molecular weight of 10,000 or lower and 
containing vinyl groups at temriinals thereof, and are different in properties and applications from ordinary ethylene 
polymers having a higher molecular weigh and showing inherent properties of high-molecular weight polymers. There- 
fore, properties of a catalyst used for the production of these a-olefins are inevitably different from those of catalysts 
used for the production of ordinary high-molecular weight polymers. Thus, the catalysts for the production of ordinary 
high-molecular weight polymers are not necessarily usable for the production of the a-olefins. 



25 
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[1] Transition metal compound 

[0011] The first transition metal compound of the present invention is a Group 8 to 10 transition metal compound 
represented by the general fomiula (1): 



35 



40 



45 




(1) 



50 



55 



wherein M is a transition metal selected from the group consisting of elements of Groups 8 to 1 0 of the Periodic Table; 
Ri to R3 are independently a hydrogen atom, a halogen atom, a hydrocarbon group, a C1-C20 halogenated 

hydrocarbon group or a hetero atom-containing group, and may be bonded to each other to fonri a ring; R^ and R^ are 
a hydrogen atom or a C^-Cgo hydrocarbon group with the proviso that at least one of R"^ and RS represents a hydrogen 
atom, aryl or substituted aryl; R^ to are independently a hydrogen atom, a halogen atom, a Cj-Cgo hydrocarbon 
group or a hetero atom-containing group with the proviso that at least one of R^ and R''^ or at least one of R""! and R^^ 
Is a hydrogen atom, and R^ to R"'^ may be bonded to each other to form a ring;'X is a covalent or ionic bonding group, 
and when a plurality of X groups are present, these groups may be the same or different; and n Is a valence of M. 
[0012] In the general formula (1), M represents a transition metal selected from the group consisting of elements of 
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^^V° °l °* ^^^^ transition metals, preferred are iron and cobalt 

ulnL ? independently represent a hydrogen atom, a halogen atom, a C,-C2o hydrocarbon group, a C-C^o 
halogenated hydrocarbon group or a hetero atom^ontaining group, and may be bonded to each other to fom a n^g 

s ? C Z^rt h^'n"' H n ■ -^^o ►'y^^°=«*°n groups include, for example. 

Lf^n h h ^ • ^^"^2° ^^-^20 aryl and C^-C^o arylalkyl. Specific examples of the C,L' 

!on^ n ^ "-P^^Py'' '^°P^°Py'' sec-butyl, tert-butyl. various 

""""^i" 9'°"P"" S-^^PS- various tetradecyl groups, various 

Shtw T '.Tl' ^'°"P'- ^P''^"''^ "'^^P'^^ °* ^•^^ ^3-020 cycloalkyi groups include cjclopentyl. 

cyclohexyl and cyclooctyl wherein an appropriate substitutent(s) such as lower alkyi may be bonded to the cydoalM 

maTbi th^II „h& 'wV ^^^ ''^"'y' ^"^ P*''"^**'^- "^^ ^1-^20 halogenated hydrocarbon groups 

1 ^ halogenatmg the above C,.C,o hydrocarbon groups. The hetero atom^ntaining groups 

include a koxy groups represented by the fomiula: -OR; amino groups represented by the fomiula: -NR.- or silyl groups 
^presented by the formula: -SiR3. In these fom,ulae. R represents a C.-C^o hydrocarbon group whicrmay be ihJ 
^ZuS ■ " P^^'^^^^'^ ^ hydrogen atom and C, -0,' linear oTbLnched 

Lnd S rrrrjll!' T!^''^ ^ hydrogen atom or a C^-C^o hydrocarbon group with the proviso that at least one of R^ 
and R5 represents a hydrogen atom, aryl or substituted aryl. When both of R4 and R5 are hydrogen atoms a-olefins 

r? ^ J^l"^. ^"""^P'^'^'' ^''°v«- Examples of the aryl groups include phenyl. 1-naphjthyl and 2-nrphZ Ex 

'"'^'"'^ ^"^^"^'"3 a''-^' ^'ydrogen aS^m oTthe above 
ri^rj r 1", ' o^a halogen atom. Specific examples of the substituted aryl groups include linear 

3 ^vlohen^^^^^ 2-methylphenyl. 3-methylphenyl. 4-methy7phV 2-ethjJp enyT 

25 !htvi is i:'P'^f y''. 2-n-propylphenyl. 3-n-propylphenyl, 4-n-propylphenyl. 2-isopropylphenyl. 3-teopropyl- 

f t 7k tf °PT P"^"^'' 2-'sobutylphenyl, S-isobutyiphenyl, 4-isobutylphenyl. 2-tert-butylphenyh 3-tert-butylpheSvl 
4-^^ert-butylphenyl 2.3-^^^^^^^^ 

«r p ;fh; Tk ^ ' T 2.4,6-trimethylphenyl; aromatic group-substituted aryl gCs such 

as 2-phenylpheny 3-phenylphenyl and 4-phenylphenyl; and halogen-substituted aryl groups such as 2-^00'^ 
3-«orophenyl. 4-florophenyl. 2.chlorophenyl. 3-chlorophenyl. 4-chlorophenyl. 2 bLophenyl IbroZhenv 
so 4-bromophenyl. 2-,odophenyl, 3-iodophenyl. 4-iodophenyl. 2.3-difiuorophenyl. 2 4-dlfluorophenyl 2 57^^^ 
foSi^ P6? of ' ':'-'"'"''^°P'^"y'' 2.3,4,5.6-pentafluorophenyl and 3,5-bis(trffluoromethyl)phenyt '""°'°P''"^'' 
10015] R6 to R15 independently represent a hydrogen atom, a halogen atom, a CyC^^ hydrocarbon group or a hetero 
a om-contain.ng group with the proviso that at least one of R6 and R10 or at least one of RII and R^5 is^ard'^c^^^^ 
a om, and R6 to Ri5 may be bonded to each other to fom, a ring. Preferably, at least one of RS and R10 s a KZn 

t r ' °"! ' ^'^^^ ^"^'^ ^^''"'^-"^-"t '"^t, a-oJns produced hie a 

and the hetero atom-containing groups may be the same as exemplified above. As to the h to Ri5 prefe^ed are a 
hydrogen atom and C1-C20 aliphatic hydrocarbon groups. , prererred are a 

'®P'®^^"*^ ^ "'v^'®''^ bonding group, and when a plurality of X groups are present these arouos 

rW^T'^T ^P^'^'"^ ^'^^P'^^ ^ '"^'"^^ a '^y^^°9«n a halogen atom rcT-cl (pXab^^ 

CrC,o) hydrocarbon group. C^-C^o {preferably C,-C,o) alkoxy, amino, a C.-C^o (preferably C,-6,,Shosphoms<o^^^ 

trirtLlT,' - '^'P'\\"y'Ph°^P'^'"°). - C,-C^ (preferabty C,-C,,) silicon^ontaining g'rouV (el' tSh^siJ^or 

45 chTonn^s^refe"^^^^^^ ' ''"'"'"^ ^^^^ ^'-'os-' «toms, 

^"^''^ " '® ^ °^ Specifically, n is a number of 0 to 3. preferably 2 

S2 9 ^4"^"^ R5rlrl°""f i^^' P^"^"""^ combinations of the substituent groups are as follows, 
ind rI i^arydrogen atom' ' °' " ^ ^» 

«^ I'Jodll, I!!l^''°r "^'"^'"""""^ ^^P^'^ai'V P^^f^^^ly "sed for producing a-olefins with a less amount of by- 
>s products such as heavy components and waxes. ^ 

th!?L - ^""^"If' ? °^ ^''^ =°"^P°""ds represented by the above general fomiula (1) include 

the following compounds 1 to 48 and 63 to 65. a = lunnuid ^ 1; mciuae 
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Compound 1 Compound 2 



CI CI CI CI 




Compound 3 Compound 4 



CI CI 
Et \/ Et 




Compound 5 



CI 01 

C_^iPro \/ iPro 





Compound 6 
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CI CI 




Compound 9 



CI 01 




Compound 11 



Me ci 01 Me 




Compound 13 



01 01 




Compoxmd 15 



01 01 




Compound 10 



01 01 




Compound 12 



01 01 




Compoimd 14 



01 01 




Compoimd 16 
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Compound 17 



CI CI 

Me^^^jfN^^ Me \/ Me^ ^Me 



XlZKXJ 




Compound 18 



Me' 



01 01 




Me 



Compound 19 



01 01 
Et \/ Etv.^^ 




Compound 20 



CI CI 




Compound 21 



CI CI 




Compound 22 



CI CI 




Compound 23 



CI CI 




Compoimd 24 
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CI CI 




Coinpo\uid25 



CI CI 




Compoimd 27 



CI CI 




Compound 29 



CI CI 




Compoiind 31 



CI CI 




Compound 26 




Compound 28 



CI CI 




Compoimd 30 



CI CI 




Compoimd 32 
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a a - ci ci 




Compound 33 Compound 34 



CI CI a CI 




Compound 35 Compound 36 



a CI 



C Et \/ Et>.^i!f^ 




Compound 37 




Compound 38 
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CI CI 
Me \/ Me 



CI CI 
Et \ / Et. 




Me 



Compound 41 




Compound 42 



CI CI 




Compound 43 



CI CI 




Compound 44 



CI CI 




Compound 45 



Ph-'^^'l^^^j^Me 
Compound 46 




Compound 47 Compound 48 

¥ ■ ■ 
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a" 



Cl CI 
Me y Me^s^^^sj 




Me Me' 

Compound 63 



Cl Cl 

C Me \/ Me.^^;?^.^ 
Me II I II Me 




Compoimd 64 



Cl Cl 




Compound 65 



[0023J Of these compounds, preferred are the compounds 1 , 2, 3, 4, 1 6, 1 7, 1 8, 1 9, 63, 64 and 65. 

[0024] An example of the process for producing the transition metal compound represented by the general fomnula 

(1) will be described below. 

[0025] The ligand (diimine compound) of the transition metal compound according to the present invention may be 
produced by reacting a ketone compound represented by the general fomnula (3) with an aniline compound represented 
by the general fomnula (4). 



Q O 
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[0026] The reaction between these compounds may be earned out by using an organic acid such as formic acid as 
a catelyst Further, the transition metal compound represented by the general fomiula (1 ) may be produced by reacting 
the thus obtained ligand (diimine compound) with a haiide of the transition metal M {MX\ wherein Xi is halogen) or 
an hydrate thereof. " ' 

[0027] The second transition metal compound of the present invention is represented by the general formula (2): 




(2) 



wherein M rs a transrtion metal selected from the group consisting of elements of Groups 8 to 10 of the Periodic Table- 
R to R33 are independently a hydrogen atom, a halogen atom, a C.-C^^ hydrocarbon group, a C.-C,o halogenated 
hydrocarbon group or a hetero atom-containing group; and R35 are independently a hydrogen atom or a c" cto 
hydrocarbon group. and R« are each a q-C^o hydrocarbon group; R36 and R*i are ekch a hydrogen atom 
east onTJ RaTrS?^ ^ f"' ^ °' ^'^i-^ao hydrocarbon group with the proviso that at 

"^'^"^T u " *° independent^ a hydrogen atom, a halogen atom or 

rSV ^5 ^ I 5''°"'' "^'^ ^""^^ '^^^^ °' f° f^'^ represents a halogen atom; R3i to R35 or 

X arluoTa™?nt t '° !° f omi a ring; X is a covalent or ionic bonding group, and when a pluralfty of 

X groups are present, these groups may be the same or different; and n is a valence of M 

Groups StoTo of thTi^Z' V M "^if r''"'' ' ''''''''' '""^ 9^°"P °f ^'^'"^nts °f 
rnooT, ?i ° °' transition metals, preferred are iron and cobalt 

r hilontllTJ"'^^'!!"'^^"*'^ '^P'"'^"' ^ ^ "^^'"a*" « C1-C20 hydrocarbon group, a C.- 

?rnminL ?nH J ^^^1;°^'*°" 9^°"P ^ ^^^te™ atom-containing group. The halogen atoms include fluorine, chlorine 
TZLTc r T ^f'r^ ^y'^--*^" g-"P3 include, for example, C,-C,o linear or branched alM. C3-C, 
cycloa ky . Cg-C^o aiyl and C^-C^o aiylalkyl. Specific examples of the C.-C^o linear or branched alkyi groups include 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl. sec-butyl, tert-butyl. larbus pentyl groups. variL he^tgroups^ 

orouos Sr"''' "^.^y' '-'^^^^ 9-"PS. various hexadecyl groups and various orde^yi 
groups. Specific examples of the C^-C,, cycloalkyi groups include cyclopentyl, cyclohexyl and cyclooctyl wherein an 
appropriate substitutent(s) such as lower alkyI may be bonded to the cycloallqrl ring. SpSific exampSre C C 
aiy groups include phenyl, tolyl. xylyl, naphthyl and methylnaphthyl. Specific examples'of the S^^C^Tryl ^ groups 

^1 nn '" ^y^™''^*"" groups. The hetero atom-containing groups include alkoxy groups represented by the for- 

R rooresera c T'^ T"T"' ""^^ ''^''''^''^ ''^ ^ "SiRa wherein 

H represents a C,-C2o hydrocaibon group which may be the same as exemplified above. Of these groups for R31 to 

R33, a hydrogen atom and C1-C20 linear or branched alkyI groups are preferred P or« 10 

[0030] R34 and R35 independently represent a hydrogen atom or a C,-C^ hydrocarbon group. The C,-C,„ hydro- 

iZlTJ^oZl^^^^^^^ - - ^1-^ -ar Uc/rbon 

^^ZV^ ^^''^ ^ ^'"^20 hydrocarbon group, and R36 and R41 are each a hydrogen atom The C.-C,„ 

gr m^rpSe^ m^^^^^ ^ °^ ^ ^1^0 -Inear hydroSrbt° 

[0032] R37 to R39 independently represent a hydrogen atom, a halogen atom or a C.-C^. hydrocarbon group with 

™T1?H 1 °' '° " "P^'^^''^ " "^^ the C,-C^ hydrocaln 

ZTrLT^ '^.l exemplified above. Of these, preferred are fluorine as the halogen and C,-C,o linear 

hydrocarijon groups as the C1-C20 hydrocarbon groups. " '-ao "near 

[0033] R42 to R44 independently represent a hydrogen atom, a halogen atom or a CyC^ hydrocarbon group with 
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the proviso that at least one of R^^ xq p44 represents a halogen atonn. The halogen atoms and the CyC^o hydrocarbon 
groups nnay be the same as exemplified above. Of these, preferred are fluorine as the halogen and C^-C2o linear 
hydrocarbon groups as the C1-C20 hydrocarbon groups. 
[0034] to or R^s to R'*^ may be bonded to each other to form a ring. 

[0035] X represents a covalent or ionic bonding group, and when a plurality of X groups are present, these groups 
may be the same or different. Specific examples of X include a hydrogen atom, a halogen atom, a C^-Cgo (preferably 
OyC'io) hydrocarbon group, C1-C20 (preferably C-j-C^q) alkoxy, amino, a C1-C20 (preferably C1-C12) phosphorus-con- 
taining group (e.g., diphenylphosphino), a C^-C2o (preferably CyC^2) silicon-containing group (e.g., trimethylsilyl or 
trimethylsilylmethyl) or halogen-containing boron anion (e.g., BF4-). Of these groups, preferred are halogen atoms and 
C^-C2o hydrocarbon groups. The halogen atoms include fluorine, chlorine, bromine and iodine. Of these halogen atoms, 
chlorine is prefen-ed. The suffix n is a valence of M. Specifically, n is a number of 0 to 3, preferably 2. 
[0036] In the general formula (2), the prefen-ed combinations of the substituent groups are as follows. 

R^ and R^^ g^ch methyl or hydrogen; and/or 

R31, R32, R33^ R36 and R^^ are all hydrogen atoms; and/or 

R^ and R^^ are each alkyi (preferably methyl, ethyl or propyl, more preferably methyl), at least one of R^^ to R^s 
is fluorine (especially, R^^ is fluorine) and the remainders are each independently hydrogen, halogen or alkyI (pref- 
erably methyl, ethyl or propyl, more preferably methyl); and/or 

at least one of R^2 \q fluorine (especially, R'^^ \q fluorine) and the remainders are each independently hy- 
drogen, halogen or alky! (preferably methyl, ethyl or propyl, more preferably methyl); and/or 
X is a monovalent anion, preferably a monovalent anion selected from halogen and alkyl. 

[0037] More preferred combinations of the substituent groups are: 

R^^ and R^s are each methyl or hydrogen; and/or 

R^"", R32^ r33^ r36 and R4^ are all hydrogen atoms; and/or 

R^o and R^^ are each alkyl (preferably methyl, ethyl or propyl, more preferably methyl), at (east one of R^^ to R^^ 
is fluorine (especially R37 is fluorine) and the remainders are each hydrogen; and/or 

at least one of R^^ xq \q fluorine (especially, R^2 jg fluorine) and the remainders are each hydrogen; and/or 
X is a monovalent anion, preferably a monovalent anion selected from halogen and alkyl. 

[0038] Specific examples of the transition metal compounds represented by the above general formula (2) include 
the following compounds 49 to 60. 



CI CI 



CI CI 




Compound 49 



Compoimd 50 
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CI CI 



Cl 01 
,^f^Me \/ Me. 




Compound 55 




Cl 



Compoimd 56 



Cl 




Cl Cl 
Me \/ Me. 



Cl 




Compound 57 



a Cl 




Compotind 58 
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5 



10 




Compound 59 Compound 60 



[0039] Of these compounds, the compounds 49, 50 and 51 are preferred, and the compound 50 is more preferred. 
15 [0040] The transition metal compound represented by the general fomnula (2) maybe produced by the same method 
as used for the production of the transition metal compound represented by the general fomnula (1). 

[2] Catalyst for production of a-olefins 

20 [0041] The catalyst for the production of a-olefins according to the present invention comprises the following com- 
ponents (A) and (B). 

(A) A transition metal compound containing a transition metal selected from the group consisting of elements of 
Groups 8 to 1 0 of the Periodic Table, which is represented by the general formula (1 ) or (2); and 
25 (B) At least one compound selected from the group consisting of an organoaluminum compound (B-1), an Ionic 

compound (B-2) capable of converting the transition metal compound into a cationic transition metal compound, 
a Lewis acid (B-3), and clay, clay mineral and an ion-exchangeable layer compound {B-4). 

[0042] Also, the catalyst for the production of a-oleflns according to the present invention comprises the following 
30 components (A), (B) and (C). 

(A) A transition metal compound containing a transition metal selected from the group consisting of elements of 
Groups 8 to 1 0 of the Periodic Table, which is represented by the general formula (1 ) or (2); 

(B) At least one compound selected from the group consisting of an organoaluminum compound (B-1), an ionic 
35 compound (B-2) capable of converting the transition metal compound into a cationic transition metal compound, 

a Lewis acid (B-3), and clay, clay mineral and an ion-exchangeable layer compound (B-4); and 

(C) An organometallic compound. 

[0043] The respective components of the catalyst are explained below. 
40 : 

Component (A) 

[0044] The component (A) is a transition metal compound containing a transition metai selected from the group 
consisting of elements of Groups 8 to 10 of the Periodic Table, which is represented by the general formula (1) or (2). 

45 . 

Component (B) 

[0045] The component (B) is at least one compound selected from the group consisting of an organoaluminum com- 
pound (B-1), an ionic compound (B-2) capable of converting the transition metal compound into a cationic transition 
50 metal compound, a Lewis acid (B-3), and clay, clay mineral and an ion-exchangeable layer compound (B-4). 

(B-1) Organoaluminum compound 

[0046] The organoaluminum compounds include alkyl-containing aluminum compounds represented by the following - 
55 general fomnula (5). 
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3-m-n (5) 

st^e or dllS'S' ''f r''' f °' "^'^ 9~"f^ P^^^^"^. these groups may be the 

P^eraZ or Tw?H U ^ ^ " ^^^^^^^'^ ^ °^ 3. more prefembfyl and n is'o<n<3 

prereraDiy o or 1 with the proviso that 0<m+n<3. 

Ira^formul^^r' °^ °^9«"°«l"'"i""'" compounds include linear aluminoxanes represented by the following gen- 



^^;>Al-0f-Al-0A-Al< (6) 



^^^^ U^^ A. 



wherein Ri7 is a C1-C20, preferably C.-C,^ hydrocarbon group such as alkyl. alkenyl. aryl and arvlalkvl or a halonpn 
atom; w represents an average degree of pofymerization. usualV an integer of 2 to 50 prefer^ly ^to 40 andlhe 
groups of R17 n,ay be the same or deferent, and cyclic aluminoxanes represented by thelS^w^fgeneLi tlula (7) 



fAl-o4- 



(7) 



wherein Ri7 and w are the same as defined in the fonnula (6) 

wZ^Thrn^nttr "'7!?°'^""' "'"^ ^1""^*"'^'" with a condensing agent such as 

Zlo K ! r^"*^ " P^rti'^"'^^ «ed and may be conducted by any known manneS ?or examoi? 
hrthrh?"'". ' °' compound in an organic so Jnrand then c'Slci 

Ic^r^n^S"" fT" " '"^^'"^ °' ^^-^'"S ^" organoaluminum compound aUn SiaSof he 

polymenzation. and then adding water at a later stage of the polymerization; (3) a method of rea^ cS watlr 

wSh lltr -'^^^ trialkylalumlnum. and ti.en reacting the "action produci 

tM«L,!^r ^^TT^'^T ""^^ ^'"^^^ °' hydrocarbon solvents. Preferred aluminoxanes are 

weTght o le V and containing residual organoaluminum compounds in an alunt of % 

thrnnnw 'th ^ Weight, more preferabfy 2 to 4% by weight when measured by iH-NMR When 

deterior^^^^^^^^^ ^^^anoaluminum compounds is more than 1 0% by weight, the catalytic aLity tendsTo be 

Hn JH^ "'^If ''f ^'""''"'"'^"es "lay be produced, for example, by evaporating an alumlnoxane-containina so 
ution to dryness by heating under reduced pressure (called "dry-up method") minoxane containing so- 

ZhLJ^\':°'"^°TT hydrocarbon solvents may be removed from the aluminoxane for examole bv 

SnSion A.tl 9^^^'^. then separating the precipitated insoluble compon^nS'^^^^ 

^SZTeT^:^; T '"'"'""^ "'^y -'"^^^^ ^^-t^fugal separaSon or^h^like 

Preferably, the recovered soluble components may be further treated by passing through a G5 alass filter etc ..nHfr 
a nm-ogen stream to sufficiently remove the Insoluble components ther JfL. The content of^efsln^^^^^^^^^^ 
alurn noxanes tncreases wtth the passage of time. Therefore, the aluminoxanes are preferably uleMn 48 ^^^^^ 

[0052] Examples of the hydrocarbon solvents include aromatic hydrocarbons such as benzene toluene wIph. 
cumene and cmene; aliphatic hydrocarbons such as pentane. hexane. heptane, octane decane d Ji^^^^^^^ 
cane and octadecane; alicyclic hydrocarbons such as cyclopentane. cyclo'hexa^e. cyc.oo?tane and m^^^^^^^ 
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tane; and petroleum fractions such as naphtha, kerosene and light gas oil. 

[0053] Examples of the preferred aluminoxanes include allcylaluminoxanes such as methylaluminoxane, ethyialumi- 
noxane and isobutylaiuminoxane. Of these aluminoxanes, more preferred are methylaluminoxane and tetraisobutyl- 
dialuminoxane. These aluminoxanes may be used alone or in thefonm of a mixture of two or more. Further, there may 
also be used such an aluminoxanes containing two or more different alkyi groups (e.g., methyl and isobutyl). 

(B-2) Ionic compound 

[0054] The ionic compound capable of converting the transition metal compound into a cationic transition metal 
compound may be any suitable compounds. From the standpoint of efficiently fomning active sites for the polymeriza- 
tion, the especially preferred ionic compounds may include those represented by the following general fomnulae (8) 
and (9): 

([L'-R'T)^([Z]")b (8) 
(lL^f')^([Z]\ (9) 

wherein L2 Is R19R20M2, R2I3C or R22m2. 

[0055] In the above general fomnulae (8) and (9), L*" represents a Lewis base; [Zf represents a non-coordinating 
anion [Z""]- or [Z2]- wherein [Z""]" Is an anion containing an element and a plurality of groups bonded to the element, I. 
e., [M3G''G2".G*] wherein is an element selected from the group consisting of elements of Groups 5 to 1 5, preferably 
Groups 13 to 15; G"' to G^ are respectively hydrogen, halogen, C^-G2o alkyI, C2-C40 dialkylamino, C^-Cgo alkoxy, Cg- 
C20 aryl, Ce-C2o aryloxy, C7-C40 alkylaryl, C7-C40 arylalkyi, C1-C20 halogenated hydrocarbon group, Ci-Cgo acyloxy, 
organometallbid group or C2-C20 hetero atom-containing hydrocarbon group, and at least two of G"" to G^ may be 
bonded to each other to form a ring; f is an integer of [(valence of M^) + 1]; [Z2]- is a conjugated base composed of a 
Br(t)nsted acid solely or a combination of a Br(t)nsted acid and a Lewis acid, the Br(|insted acid showing a logarithm of 
reciprocal of acid dissociation constant (pKa) of -10 or lower, or a conjugated base generally defined as superstrong 
acids, and may be coordinated with a Lewis base; R""® is hydrogen, C1-G20 alky I or Cg-C2o aryl, alkylaryl or arylalkyi; 
R''^ and R20 are respectively cyclop entadieny I, substituted cyclopentadienyl, indenyl or fluprenyl; R21 is C^-C2o alkyI, 
aryl, alkylaryl or arylalkyi; R22 is a macrocyclic ligand such as tetraphenyl porphyrin and phthalocyanine; h represents 
an ionic valence of [L''-R''®] or [L2], i.e., an integer of 1 to 3; a is an integer of 1 or more; b is equal to h x a; M"" represents 
an element selected from the group consisting of elements of Groups 1 to 3, 11 to 13 and 1 7 of the Periodic Table; and 
M2 represents an element selected from the group consisting of elements of Groups 7 to 12 of the Periodic Table. 
[0056] Specific examples of L"" include amines such as ammonia, methylamine, aniline, dimethylamine, diethylamine, 
N-methylaniline, diphenylamine, N,N-dimethylaniline, trimethylamine, triethylamine, tri-n-butylamine, methyldiphe- 
nylamine, pyridine, p-bromo-N,N-dimethyianiline and p-nitro-N,N-dimethylaniline; phosphines such as triethylphos- 
phihe, triphenylphosphine and diphenylphosphine; thioethers such as tetrahydrothiophene; esters such as ethyl ben- 
zoate; and nitriles such as acetonitrile and benzonrtrile. 

[0057] Specific examples of R^^ include hydrogen, methyl, ethyl, benziyi, trityl or the like. Specific examples of R^^ 
and R20 include cyclopentadienyl, methylcyclopentadienyl, ethylcyclopentadienyl, pentamethylcyclopentadienyl.orthe 
like. Specific examples of R2i include phenyl, p-tolyl, p-methoxyphenyl or the like. Specific examples of R22 include 
tetraphenylporphyrin, phthalocyanine, allyl, methallyl or the like. Specific examples of Include Li, Na, K, Ag, Cu, Br, 
1,13 or the like. Specific examples of M2 include Mn, Fe, Co, Ni, Zn or the like. 

[0058] In p]-, i.e., [M3G''G2...G^, specific examples of include B, Al, Si, P, As, Sb or the like. Of these, prefen-ed 
are B and Al. Specific examples of G*" to G* include dialkylamino groups such as dimethylamine and diethylamine; 
alkoxy or aryloxy groups such as methoxy, ethoxy, n-butoxy and phenoxy; hydrocarbon groups such as methyl, ethyl, 
n-propyl, Isopropyl, n-butyl, isobutyl, n-octyl, n-eicosyl, phenyl, p-tolyl, benzyl, 4-t-butylphenyl and3,5-dimethylphenyl; 
halogen atoms such as fluorine, chlorine, bromine and iodine; hetero atom-containing hydrocarbon groups such as p- 
fluorophenyl, 3,5-difluorophenyl, pentachlorophenyl, 3,4,5-trifluorophenyI, pentafluorophenyl, 3,5-bis(trifluoromethyl) 
phenyl and bis(trimethylsilyl)methyl; and organometalloid groups such as pentamethylantimony, trimethylsilyl, trimeth- 
ylgennyl, diphenylarsine, dicyclohexylantimony and diphenylboron. 

[0059] Specific examples of the non-coordinating anion, i.e., the conjugated base [Z^- composed of a Brct>nsted acid 
alone or a combination of a Br<t)nsted acid and a Lewis acid, the Brcfinsted acid having a pKa of -1 0 or lower, include 
trifluoromethanesulfonic acid anion (CF3S03)-, bis(trlfluoromethanesulfonyl)methyl anion, bis(trifluoromethanesutfo- 
nyl)benzyl anion, bis(trifluoromethanesulfonyl)amide, perchloric acid anion (CIO4)-, trifluorpacetic acid anion 
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£ « .''®''^""°~3"t"^°"y anion (SbFe) -. fluorosulfonic acid anion {FSO3)-, chlorosulfonic acid anion (ClSOa)- 
uorosutfonic aad an. on/antimony pentafluoride [(FSOs/SbF^)-], fluorosulfonic acid anion/arBonic pentafluon^e 
Hi-bUa/AsFg)-], tnfluoromethanesulfonic acid anion/antimony pentafluoride [(CFaSOg/SbFe)-] or the like 
[0060] Specific examples of connpounds as the (B-2) components include triethylammonium tetraphenylborate tri- 
mSr^'^TT *^^^^P'^«"y"'°^3^e' trimethylammonium tetraphenylborate, tetraethylammonium tetraphenylbor'ate 
methyl{tn-n-butyl)arnmonium tetraphenylborate. benzyl(tri-n-butyl)ammonium tetraphenylborate. dimethyldiphenylam- 
h "^ ?^ f ^' .["P'^^^y'^'^^^y) ^monium tetraphenylborate. trimethylanilinium tetraphenylborate 
^fSTT '^^'^P^^"y«:°^»«' benzylpyridlnium tetraphenylborate. methyl(2-cyanopyridinium) tetrapLylbo 
trint; f ^ tetral<is(pentafluorophenyl)borate. tri-n-butylammonium tetrakis(pentafluo ophenyhborate 

tnphenylammonium tetrakis(pentafluorophenyl)borate, tetra-n-butylammonium tetrakis pentafluorophenJK a e 
rS^me h^^^^^^^^ tetrakis(pentafluorophenyl)borate. benzyl(tri-n-butyOammonium tetrLtpentafiuoroJ enX- 

ophenyDborate. methylanilmium tetrak]s(pentafluorophenyl)borate. dimethylanilinlum tetrakis(pentafluorophenyl)bo- 

^ e. tnmethy anilmium tetrakis(pentafluorophenyl)borate. methylpyridinium tetrakis(pentafluorophenyl)borate ben- 
^lpynduiiumtetrak,s(^^^^^^^^ 

tnphenylphosphon,umtetrakis{p 

tr£rS 7 ■ f ^;^"'^«:y'*^'^°-^"'"'" tetrakls(pentafluorophenyl)borate. sliver tetrakis(penta f uoropheSyl)bo ate 
^J^TJ^TI T^^^^^^^ tetrakis(pentafluorophenyl)borate. sodium tLkis(pentafluorophenjJi 

nhot ^r?^ f ^'^i^"" manganese tetrakis(pentaf luorophenyl)borate. silver tetrafluoroborate silver hexafluorol 

Eke S? ^e^e ra p." ''"'^ ™— «t«te. silver trifluoromethanesulfonate or the 

like. Of these (B-2) components, prefen-ed are boron compounds. 



(B-3) Lewis acid 



nrn!Il .r^^ acids used in the present invention are not particularly restricted, and may be in the from of either 
c^—Z °' T '^o'^PO-nds. The preferred organic compounds as Lewis acids are organobln 

Znnnn? compounds, and the preferred inorganic compounds as Lewis acids are magnesil 

Sde oTeramS'rs 6 dTb'u^ ? tf ''T' ^'^''^^ -9--'-'"- -mounds 

inciuae, Tor example. (2,6-di-t-butyl-4-methylphenoxy)aluminummethyl and (1,1-bi-2-naphthoxy)aiuminummethvl The 
magnesiurri compounds include, for example, magnesium chloride and dlethoxy magnesiuTThrarmTnum c^ 
pourjds inc ude. for example, aluminum oxide and aluminum chloride. The organoboron compouni inc7ude for 

' r''"'"^^"' tri-n-butylboron, tris(fluoromethyl)boron, trfe(pentafluoroethyl)boron. trfs l 
afluorobutyOboron. tns(2,4.6-trifluorophenyl)boron, tris(3.5-difluorophenyOboron. tn^[3,5-bis(trifluorLeth;5Snvn 

on'ltLXrr"' r^^^^ 

1«M M ' K u ,'^'-"-''"ly"f'"°raboron. pentafluorophenyldifluoroboron, phenyldifluoroboron pentafluoroohe- 

2f Jnn IT' '"^f y'^'"^°™''<'^°"- ethyld^luoroboron and n-butyldifluoroboron. These Lewis acids mS bTu' ed 
alone or in the form of a mixture of any two or more thereof. 

(B-4) Clay, cl ay mineral and ion-exchanaeable layer com pound 

Hth?^' substances In the fomi of aggregates of fine hydrated silicate minerals, exhibit a plasticity when 
hi il ? Wropnate amount of water and a rigidity when dried, and are sintered together when bated at a 

SL . T K r;?" '"'^ 'y'^^^"^ ^= ^ -^a'" ^^-^Po^ent of the clays. In the preparaSon 

of the cataVst for the production of a-olefins. either clays or clay minerals may be used. The clays and LTm^e ate 
may be either natural or synthesized ones. ^ ^ minerals 

SLJI'h ^"9^^"'^ '«y^^ compounds are those compounds having such a crystal structure that layers 

constituted by ionic bonds are weakly bonded together so as to be stacked one over another in parallel and contSo 

[0064] The clay rriinerals include, for example, phyllosilicate minerals such as phyllosilicic acid and phvllosilicates 
Examples of natural phyllosilicates include smectite group such as montmorillonite saponite and heTtl'e miS ar^^^^^ 

™ p!f " ''''''' "'"^^"'^ °^ ''^'^^'^ 9^°"P ^'^^ g^°"P. 0^ mii group an;«te 
group. Examples 0 synthetic phyllosilicates include Tetrasilicon Fluoride Mica. Laponite. Smectone or the Hk^ n ad 

dition. there may also be used non-clay, ionic crystalline compounds having a layer crystal ^rj^ suih aJ c^Z 
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(HP04)2. Y-Zr(HP04)2, a-Ti(HP04)2 and y-T1(HP04)2. 

[0065] Also, clays and clay minerals which are not involved in the ion-exchangeable layer compounds, Include clays 
called "bentonite" due to a low content of montmorillonite, KIbushi clay orgairome clay having a high content of montmo- 
rillonite and other components, fibrous sepiolite or palygorskite, and amorphous or low-crystalline allophene and im- 
5 ogplite. 

[0066] Of these {B-4) components, preferred are clays and clay minerals, specifically phyllosilicates; more preferred 
are smectites; most preferred is montmorillonite. 

[0067] The clays, clay minerals and ion-exchangeable layer compounds used as the (B-4) component have a volume- 
average particle size of preferably 1 0 [i.m or smaller, more preferably 3 p.m or smaller. Further, the clays, clay minerals 

10 and ion-exchangeable layer compounds used as the (B-4) component preferably have such a particle size distribution 
that the volume-average particle size thereof is 1 0 p,m or smaller and the content of particles having a volume-average 
particle size of 3 \in) or smaller is 1 0% by weight or less, more preferably have such a particle size distribution that the 
volume-average particle size thereof is 1 0 ^im or smaller and the content of particles having a volume-average particle 
size of 1 .5 ^Lm or smaller is 1 0% by weight or less. Here, the volume-average particle size and the content of the specific 

IS particles are measured, for example, using a particle size analyzer such as "CIS-I " available from GALA! Production 
Ltd., which is capable of determining a particle size from the measurement of laser beam transmittance of particles. 
[0068] Furthenmore, the clays, clay minerals and ion-exchangeable layer compounds used as the (B-4) component 
are preferably subjected to chemical treatments to remove impurities therefrom and modify stmcture or properties 
thereof, thereby transforming these substances into a more preferred form as a catalyst component. 

20 [0069] For example, the clays, clay minerals and ion-exchangeable layer compounds may be treated with an orga- 
nosilane compound represented by the following general fomnula (10): 

25 

wherein R23 is hydrogen or a substttuent having carbon atom or silicon atom which is directly bonded to SI; is 
halogen or a substituent having oxygen atom or nitrogen atom which is directly bonded to Si; when a plurality of R23 
or groups are present, these groups may be the same or different; and n is an integer of 1 to 3. 
[0070] The organosilane compounds may be bis-silyl compounds, polynuclear polysiloxane or polynuclear polysila- 
30 zane represented by the following general formula (1 1 ): 



xVnSi(CH2)^SixVn (11) 

wherein X^ is halogen or a substituent having oxygen atom or nitrogen atom directly bonded to Si; when a plurality of 
X^ groups are present, these X^ groups may be the same or different; m is 1 to 10; and n Is 1 to 3. 
[0071] Specific examples of the organosilane compounds represented by the above general formulae, include tri- 
alkylsilyl chlorides such as trimethylsilyl chloride, triethylsilyl chloride, triisopropylsilyl chloride, t-butyldi methyls ily I chlo- 
ride, t-butyldiphenylsilyl chloride and phenethyldimethylsllyl chloride; dialkylsilyl dichlorides such as dimethylsilyl dichlo- 
ride, diethylsilyl dichloride, diisopropylsilyl dichloride, di-n-hexylsilyl dichloride, dicyclohexylsilyl dichlorlde, docosyl- 
methylsilyl dichloride, bis(phenethyl)silyl dichloride, methylphenethylsilyl dichloride, diphenylsilyl dichloride, dimethyl- 
silyl dichloride and ditolylsilyl dichloride; diarylsilyl dichlorides; and alkylarylsiiyl dichlorides. 
[0072] In addition, as the organosilane compounds, there may also be used silyl halides fomned by substituting the 
chloride moieties of the above-exemplified organosilane compounds with another halogen atom; disilazanes such as 
bls(trimethylsilyl)amide, bls(triethylsilyl)amide, bis(triisopropylsilyl)amide, bis(dimethylethylsilyl)amide, bis(diethyi- 
methylsilyl)amide, bis(dimethylphenylsllyl)amide, bis(dimethyltolylsiIyl)amide and bis{dimethylmenthylsilyl)amide; tri- 
alkylsilyl hydroxides such as trimethylsilyl hydroxide, triethylsilyl hydroxide, triisopropylsilyl hydroxide, tertbutyldimeth- 
ylsilyl hydroxide and phenethyldimethylsllyl hydroxide; polysilanols generally called peralkytpolysiloxypolyols; bis-silyls 
such as bis(methyldichlorosily!)methane, 1 ,2-bis(methyldichlorosilyl)ethane, bis(methyldichIorosiIyl)octane and bis(tri- 
ethoxysilyl)ethane; and hydride-containing silanes such as dimethylchlorosilane, (N,N-dimethylamino)dimethylsilane 
and diisobutylchiorosilane. These organosilane.compounds may be used alone or in the fomn of a mixture of any two 
or more thereof. 

[0073] Of these organosilane compounds, preferred are those containing at least one alkyi group directly bonded to 
the silicon atom, such as alkylsilyl halides, especially dialkylsilyl halides. The clays, clay minerals and ion-exchangeable 
layer compounds may be effectively treated with these organosilane compounds in the presence of water. In this case, 
water serves for breaking the crystal stnjcture (especially, laminated structure) of the clay to thereby enhance the 
efficiency of contact between the organosilane compound and the clay. That is, water acts for spreading the distance 
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between crystal layers of the clay, thereby accelerating the diffusion of the organosilane compounds Into the laminated 
FKtrL":dd''e^TorfS^* 

F ret. water B added to the (B^) component to fomn an aqueous colloidal solution of the (B-4) component Then the 

Is^oScteSTr ^''^ organosilane compounds' The t^ent 

ZZJT^ the preparation process. The treating time varies depending upon kind of (B-4) component and treatinq 
temperature used, and may be in the range of 0.5 to 24 hours. ^ ' H leni dna ireaiing 

nnliL Tll^T^ °' organosilane compound used In the above contact treatment of the (B^) component is 

L ' r ' ''f .'^"^ ° *° ' °° °^ organosilane corSpounds 

based on one kilogram of the (B-4) component. i-oinpounas, 

SSS r'ff ^^''^ '=°'"P°"ents may be used alone or in the from of a mixture of any two or more thereof 
[0076] In the polymenzation catalyst of the present Invention, the molar ratio of the catalyst component (A) to the 
TuZ^ZZT^ " 'TT '° ' P-ferabfy 1:10 to 1:10.000 when the^B "c mpou 

thf S T ^ ' """T^T' ^'^^^'^^^ 1 to 1 :1 00. more preferably 2:1 to 1 :1 0 when the (B-2) compound is used 

whin th?/S-T°" ''''''^"'"^ '° P^^f^^^'^'y 1^100. still more preferabfy 21 to 1 50 

when the (B-3) compound is used as the (B) component. Further, when the (B-4) compound is used as the B) com 

onrnl;w:rhrof th' (A) component used is usually 0.01 to 100 mil.imo.es. U.bly 0,1 to 1 mlrJ , l^d 

™ndTcfdllcl?H T'°""'- "^'^ ^^-^^ '"^y P^^^^'^'^y P^^^^^^ted wtth the organometal.ic 

compound (C) descnbed hereinafter, especially with the organoaluminum compound, in this case the amount of the 

based on an unrt weight (g) of the (B-4) compound. However, even when the organometallic compound (C) fe uTedln 
an excessive amount relative to the (B-4) compound, the excess part thereof may be removed ourofSereaSon 
system by washing a suspension or slur^, of the clay or the like with an appropriate solvent 

ny^o o?m'ore tteir^" ^^"'^ "^^^^'^^'^ °f « -'^^ure of 



(C) Organometallic compound 



I'll J'cXtd S^rSS'" '° ^'^^ ^^^^^"^ '"^^ --i" 

? organometallic compounds as the (C) component, organoaluminum compounds are preferred in view 
Sp rrlToirof r y °^ organomagnesium compound^ may Iteo b 

«En organoaluminum compounds include trialky.a.uminums such as trimethyialuminum triethvl 

a^ummum, tripropyialurjiinum,, trifeobutylaluminum and tri-tert-butylalum.num; halogen- or a.koxy-co7taT,ralS 
m inum ethox r "V'^'"-'"- <=^'-ide, diethyla.uminum chloride, dimethyla.uminum melx'e^nd diJ^a - 
mmum ethoxide; and alumoxanes such as methylalumoxane. ethy.a.umoxane and isobutylalumoxane Of these oma 
noaluminum compounds, prefen-ed are tria.ky.a.uminums 'iiumoxane. ut these orga- 

Srof^Arf '^^^^^ component (C) to the cataiyst component (A) is preferab^ 101 to 1 10 000 

morepreferably1:1to1:2,000,mostpreferabiy1:10to 1 1 000 "ly lo.i lo i.iu.uoo, 

S'!hl "^^ ^^"^ ^""^ components may be preferably conducted in an inert qas stream 

such as argon and nitrogen and in the presence of a hydrocarbon solvent such as pentane, hexane SS to Le^ 

as?h7 t "'f °" '"''"^ P"^"^'y '''' fr""' - hylgen-containing compounds s c 
^«Sn t ''""^^ "^^^^ substances are hamiful to the catalyst For thTeion ihe 

reaction system may be preiiminari^ treated with the (C) componentto remove waterorthe active hX^^^ 
compounds therefrom. That is. the use of the catalyst prepared by pre.iminarily contaSng thr(TrBranJrc^o^^^ 
ponents with each other is preferred. Meanwhile, it is not necessarily required thaTthe (C? componen is usid in the' 

-^--^ - « ~- betwee^n ordinal tempelTe 



13] Process for the production of a-olefins 



[0082] TTie process for producing a-olefins according to the present invention will be described below In the oracess 

^TS. T "^^'"3 P^^^^"* ^^'^y'-- 's oligomerized ustgtrlve SZt 

iut hISm /r'T ^""^ ■''^^ ^'igo-^-rization reaction maybe conduLd by any m^hS 

> H h "'^P'^' '■y ' polymerization method using an appropriate sofven^a non 

solvent, hquid-phase reaction method using substantially no soh^ent. or a gas-phase reaction m'et?od and ly ateo 
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be conducted by either a continuous nnethod or a batch method. Examples of the solvents used include hydrocarbon 
solvents such as pentane, hexane, heptane, cyclohexane, benzene and toluene. These solvents may be used alone 
or In the form of a mixture of any two or more thereof. When the solvent is used, the amount of the catalyst used is 
preferably adjusted such that the amount of the (A) component contained therein is usually 0.1 to 100 micromoles 

5 (iimol), preferably 1 to 20 micromoles per one liter of the solvent, in view of reaction activity. 

[0083] The reaction conditions are not particularly restricted. The reaction temperature is usually in the range of -78 
to 20'*C, preferably from ordinary temperature to 1 50'*C. The ethylene pressure in the reaction system is usually in the 
range of from ordinary pressure to 1 5 MPa, preferably from ordinary pressure to 8 MPa, more preferably from ordinary 
pressure to 5 MPa. The molecular weight of the oligomer prepared upon the oligomerization may be controlled by any 

10 known methods, for example, by appropriately selecting reaction conditions such as temperature and pressure. 

[0084] The present invention will be described in more detail with reference to the following examples, but these 

examples are not intended to limit the present invention thereto. 

[0085] . First, the method for the analysis of the obtained a-olefins is described. 

[0086] The a-olefins were analyzed by gas chromatography to detenmine the composition and purity thereof. The 
15 analysis conditions are shown below. 

(1) Composition analysis 

[0087] The measurement was conducted using a gas chromatograph GC-14A manufactured by Shimadzu Co., Ltd., 
20 together with an FID detector. The column used was TC-I" manufactured by G.L. Science Co., Ltd. (length: 15 m, 
inner diameter: 0.53 mm, membrane thickness: 1 .5 p.m). The carrier gas used was He. The temperature program was 
set so that the temperature was maintained at 40**C for 5 minutes, and then increased to 320*C at a temperature rise 
rate of 1 0**C per minute, and that temperature was maintained for 1 0 minutes. Both the Injection and the detector were 
maintained at 320*C, As described In Examples hereinafter, undecane was used as an internal standard for the meas- 
25 urement. 

(2) Purity analysis 

[0088] The measurement was conducted using a gas chromatograph GC-14A manufactured by Shimadzu Co., Ltd., 
30 together with an FID detector. The column used was "Uttra-2" manufactured by Hewlett Packard Corp. (length: 25 m, 
inner diameter: 0.20 mm, membrane thickness: 0.33 ^m). The carrier gas and make-up gas used were He a'nd nitrogen, 
respectively. The temperature program was set so that the temperature was increased from 90*C to 200**C at a tem- 
perature rise rate of 1 .5°C per minute, and, immediately after reaching 200'*C, further Increased to 270'*C at a tem- 
perature rise rate of B**C per minute, and then that temperature was maintained for 70 minutes. Both the injection and 
35 the detector were maintained at 270*C. 

[0089] A fraction having a carbon number of x is represented by Cx, and the purity of Cx means the content (% by 
weight) of nomnal-l -olefin contained in the fraction having a carbon number of x. 

EXAMPLE 1 

40 

Preparation of [2,6-pyridinedicarboxyaldehyde-bis(2-methylphenylimtne)] iron dichloride complex (Compound 1) 
(1) Preparation of ligand: Preparation of 2,6-pyridinedicarboxyaidehyde-bis(2-methylphenyIimine) 

45 [0090] Into a 300-ml flask, 50 ml of ethanol, 680 mg of 2,6-pyridinedicarboxyaldehyde (molecular weight: 135.12; 5 
mmol) and 2. 1 4 g of 2-methyianiline (molecular weight: 1 07. 1 6; 20 mmol) were charged and sufficiently stirred to f omn 
a homogeneous solution. To the obtained solution was added 0.3 ml of fomnic acid, and the resultant mixture was 
stirred for 1 2 hours to permit the reaction to proceed. The reaction solution was allowed to stand at -20"C for 24 hours, 
thereby obtaining light-yellow crystals. The crystals were filtered, washed with ethanol and then dried under reduced 

50 pressure. As a result of ''H-NMR measurement. It was confimned that the crystals were titled 2,6-pyridinedicaiiDOxyal- 
dehyde-bis(2-methylphenylimine) (molecular weight; 313.41; 500 mg; 1.6 mmol; yield: 32%). 
1H-NMR [90 MHz, solvent: CDCI3, standard: tetramethylsilane (50.00)]: 62.42 (6H, CH3, s). 66.9-7.4 (8H, benzene 
ring), 57.93 (1H, p-position of pyridine ring, dd), 58.34 (2H, m-position of pyridine ring, d), 58.59 (2H. imine-H, s). 

55 (2) Preparation of complex: Preparation of [2,6-pyndinedicarboxyaldehyde-bis(2-methylphenylimine)] iron dichloride 
complex (Compound 1) 

[0091] Then, a tetrahydrofuran solution (30 ml) of the obtained 2,6-pyridinedicarboxyaldehyde-bis(2-methylphe- 
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nylBTime) molecular weight: 313.41; 500 mg; 1.6 mmol) and a tetrahydrofuran solution (30 ml) of iron (II) chloride 
tetrahydrate (formula weight: 198.81 ; 278 mg; 1 .4 mmol) were charged Into a 100-ml Schlenk tube and stirred for l5 
Tlf "rtr°9f" stream to allow the reaction to proceed. The obtained yellowish green solids were filtered 

1)(molecularweight: 440.16; 460mg; 1.05 mmol; yield: 75%). 



EXAIVIPLE 2 



Preparation of [2.6-pyridinedicarboxyaldehyde-bis(2,3-dimethylphenylimine)] iron dichloride complex (Compound 2) 
(1) Preparation of ligand: Preparation of 2.6-pyridinedicarboxyaldehyde-bis(2,3-dimethylphenylimine) 

[0092] into a 300-ml flask. 50 ml of ethanol. 680 mg of 2.6-pyridine dicarboxyaldehyde (molecular weight' 135 12- 

iTr^lT ' °' ^""'"'^"'^^ "^'9^^^ ^21 .18; 20 mmoli were Charged and sSnt Js«,^ed 

to fomi a homogeneous solution. To the obtained solution was added 0.3 ml of fomilc acid and the resultant mixJire 

IZT^VZ T""" "^^^'"^'^ -'ystals were f ilte S^washTHh 

ethano and then dned under reducedpressure. As a result of 1H-NMR measurement. Las confimiedthatth^^^^^^ 

'£'8 7 2Sh brn'^rj'""'; «?Sh'u "'"^'^ tetramethylsilane (60.00)]: 62.34 (5H. 2-CH3. s). 62.34 (6H. 3-CH3. s). 

2Z:Zf^;l:;o^^^^ I2.6-pyridinedicart.oxya,dehyde-b.(2,3-dlmethylphenylimine)] iron 

[0093] Theri, a tetrahydrofuran solution (30 ml) of the obtained 2,6-pyridinedicaitoxyaldehyde-bis(2 3-dimethvlohe 
ny ^,ne) (molecular weight: 341.47; 1.0 g; 2.93 mmol) and a tetrahydrofuran solutio?(30 ml) of i Jn m)^^^^^^^^ 

EXAMPLE 3 

Preparation of [2.6-pyridinedicarboxyaldehyde-bis(2,4-dimethylphenylimine)] iron dichloride complex (Compound 3) 
(1) Preparation of ligand: Preparation of 2.6-pyridinedicarboxyaldehyde-bis(2,4-dimethyiphenylimine) 

S 'h 0°.?°°; o' I'^^"' ^° '"S °^ 2,6-pyridinedicart)oxyaldehyde (molecular weight- 1 35 1 2- 5 

foS hn' ' °' ^"'""^ (molecular weight: 121 .18; 20 mmol) were charged and sSntly ^Id'to 

i"ed orT2Tort:2:^^^^^ TT' "'""^ ''''' ""^ °^ '^""''^ '"^ resultant lire w 
Jhano andfhl dlcJnnH h h "'^^'"^"^ light-yellow crystals were filtered, washed with 

wli t?i^ p R n H ""^"'^'■^^"'^^^ P'-^s^"^^- As a result of 1 H-NMR measurement, it was confimied that the crystals 
;jeld 3S) ■ (molecular weight: 341 .47; 0.67 g; 1 .65 mmo' 

IH-NMR [90 MHz. solvent: CDCI3. standard: tetramethylsilane (60.00)]: 52.35 (6H 4-CH, si 52 40 (BH ? r^M 

S'^le-H. sP"^ °^ P^^^'"^ ^"9' ~ oi'py^-d,° e^g'r^.?9 

22Zf:::;LTCoT/r^^^^ I2.6.pyridinedica*oxyaldehyde-bis(2.4-dimethylphenylimine)] iron 

^^I^^y^^"'";^" ml) of the above obtained 2.6-pyridinedicarboxyaldehyde-bis(2 4-dimeth- 

£h„H t ? ^'"°^,^"'^.^"'^'9^t: 341 .47; 41 0 mg; 1 20 mmol) and a tetrahydrofuran solution (30 ml) of iron (I'l) cf^toride 
tet^hydrate (formula weight: 198.61; 199 mg; 1.0 mmol) were charged into a 100-ml Schlenk tube and st ed^^^^^^^^ 
hours under a nrtrogen stream to allow the reaction to proceed. The obtained yellowish gree7solSs were filtered 
washed w.th tetrahydrofuran and then dried under reduced pressure, thereby obtaining the itTerotrexTc:m^^ 
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3) (molecular weight: 468.22; 440 mg; 0,94 mmol; yield: 94%). 
EXAMPLE 4 

Preparation of [2,6-pyrlcIinedicarboxyaldehyde-bis(2,5-dirTiethyIphenylimine)] iron dichloride complex (Compound 4) 

(1) Preparation of ligand: Preparation of 2,6-pyridinedicarboxyaldehyde-bis(2,5-dimethylphenylimlne) 

[0096] Into a 300-ml flask, 50 ml of methanol, 680 mg of 2,6-pyridine dicarboxyaldehyde (molecular weight: 135.12; 
5 mmol) and 2.42 g of 2,4-dimethyIanlline (molecular weight: 121.18; 20 mmol) were charged and sufficiently stinred 
to fomn a homogeneous solution. To the obtained solution was added 0.3 ml of formic acid, and the resultant mixture 
was stin-ed for 12 hours to allow the reaction to proceed. The obtained light-yellow crystals were filtered, washed with 
methanol and then dried under reduced pressure. As a result of '•H-NMR measurement, it was confimned that the 
crystals were titled 2,6-pyridinedicarboxyaldehyde-bis(2,5-dimethylphenylimine) (molecular weight: 341.47; 1.44 g; 
4.22 mmol; yield: 84%). 

^H-NMR [90 MHz, solvent: CDCI3, standard: tetramethylsilane (60.00)]: 52,36 (6H, 2-CH3, s), 62.36 (6H, 5-CH3, s), 
66.8-7.3 (6H, benzene ring). 67.91 (1 H, p-position of pyridine ring, dd), 68.32 (2H, mrposltion of pyridine ring, d), 68.58 
(2H, imine-H, s). 

(2) Preparation of complex: Preparation of [2,6-pyridinedicarboxyaldehyde-bis(2,5-dimethylphenyIimine)] iron 
dichloride complex (Compound 4) 

[0097] Then, a tetrahydrofuran solution (30 ml) of the obtained 2,6-pyridjnedicarboxyaldehyde-bis(2i5-dimethy!phe- 
nylimine) (molecular weight: 341 .47; 1 .0 g; 2.93 mmol) and a tetrahydrofuran solution (30 ml) of iron (II) chloride tet- 
rahydrate (fonmula weight: 198.81; 557 mg; 2.8 mmol) were charged into a 100-ml Schlenktube and stinred for 12 
hours under a nitrogen stream to allow the reaction to proceed. The obtained yellowish green solids were filtered, 
washed with tetrahydrofuran and then dried under reduced pressure, thereby obtaining the titled complex (Compound 
4) (molecular weight: 468,22; 1 .03 g; 2.2 mmol; yield: 79%). 

COMPARATIVE EXAMPLE 1 

Preparation of [2,6-diacetylpyridine-bis(2-methylphenylimine)] iron dichloride complex (Compound 61) 



(1) Preparation of ligand: Preparation of 2,6-dlacetyIpyrldine-bis(2-methylphenylimine) 

[0099] Into a 300-ml flask, 1 00 ml of ethanol, 1 .63 g of 2,6-diacetylpyridine (molecular weight: 1 63.1 8; 1 0 mmol) and 
4.29 g of 2-methyl aniline (molecular weight: 107.16; 40 mmol) were charged and sufficiently stirred to form a homo- 
geneous solution. To the obtained solution was added 0.6 ml of fomriic acid, and the resultant mixture was stirred for 
12 hours to allow the reaction to proceed. The reaction solution was allowed to stand at -78'*C for one hour, thereby 
obtaining light-yellow crystals. The obtained light-yellow crystals were filtered, washed with methanol and then dried 
under reduced pressure. As a result of ""H-NMR measurement, it was confimned that the crystals were titled 
2,6-diacetylpyridine-bis(2-methylphenylimine) (molecular weight: 341 .47; 780 mg; 2.28 mmol; yield: 23%). 
1H-NMR [90 MHz, solvent: CDCI3, standard: tetramethylsilane (60.00)]: 52.17 (6H, 2-CH3, s), 52.40 (6H, imine-CH3, 
s), 66.5-7.3 (8H, benzene ring), 67.90 (1H, p-posrtion of pyridine ring, dd), 58.42 (2H, m-position of pyridine ring, d). 



[0098] 



CI CI . 




CompoxmdGl 
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(cLmpSeiV^''"'"^'^''' °'t2.6-diacetylpyridine-bis(2-methylphenylimine)] iron dichloride complex 



0100] -men, a tetrahydrof uran solution (30 ml) of the obtained 2,6-diacetylpyridine-bis(2-methylphenylimine) (mo- 
ecular weight: 341.47; 780 mg; 2.28 mmol) and a tetrahydrofuran solirtion (30 mQ of iron (II) cJloride SdrTe 
fomiula we,ght: 1 98.81 ; 400 mg; 2.0 mmol) were charged into a 1 00-ml Schlenk tube and stiried for 12 Zt unZ 

drl'^^Ta^dT ''h P'""^"''- "^^ '■"^'^ ^'"'^^ washed with tetrahy- 

Sr4er22'rrg; 2Trs^ "^^"^ ""'"^ ™" ~ 



COMPARATIVE EXAMPLE 2 



[0101] Preparation of [2,6-diacetylpyridin6-bis(2.4-dim6thylphenylimine)] iron dichloride complex (Compound 62) 



CI CI 

1 iT TTa Tr^ IT 




Compound 62 

(1) Preparation of ligand: Preparation of 2,6-diacetylpyridine-bis(2.4-dlmethylphenylimine) 

and°4 84 a of 2 T^^IT' I °° 1 ' ^ °' 2.6-dlacelyipyridine (molecular weight: 1 63.1 8; 1 0 mmol) 

and 4.84 g of 2,4-d,methylaniline (molecular weight: 121 .18; 40 mmol) were charged and sufficiently stirred to fomi a 

hZ foT: rJeactS,'?: "'""°"h °^ ^"^''^ ^"^'^^ ^"-^ mixture iS S^Td foM 2 

nht Jninn r M ,! /° P^^'^^*^" ^eaction solution was allowed to stand at -78»C for one hour therebv 

Tjr2i^\lt!:BZf^ Which were then filtered, washed wfth methanol and then dried under reduced pressure' 
AS a result of H-NM R measurement, it was confirmed that the crystals were titled 2 6-diacetvlDvridine hM9 1 Himoth 
yiphenylimine) (molecular weight: 369.52; 1 .60 g; 4.33 mmol; yi2d- 43%) cliacetylpynd,ne-b,s(2,4-d,meth- 

H-NMR [90 MHz, solvent: CDCI3, standard: tetramethylsilane (50.00)1: 82.10 (eH 2-CH, s^ S2 34 irh a rvA 

°' " P'«*"'^W''*«*l^(2.''-"ylphenyliml„.)J iron diehlondo oon^lex 

C^Tjlr MM ^^^^ f r ™f »'••"';>«"■"'"»' »l*n (40 ml) of Iron (II) chloride lelrahydrj 
n.o.on":Sr„';ilL^5i,^fo= 

EXAMPLE 5: Oligomerization of Ethylene 

fSsXVcriTctr: ft" ' °' ^ °f Polymethylalumoxane (available 

from Toso Akzo Co.. Ltd.. concentration: 1 mmol/ml) were charged and then 0.5 ml of a 1 -timol/ml toluene susoension 
of Compound prepared in Example 1 was added to the autoclave. Further, 1 0 g of n-unde^reTs In nternafsten^^^^^^ 

fm^c TT T -Z "° '° ^" '""^^P^^^s'^^e of the autoclave at 1 .0 M Pa the reaction wL conduc ed 

r0105l Aft.?. ."f - ^rr""'- ' l^ydroxide aqueous solution was added to^ the re^^^^^^^ 

[01 05] After completion of the reaction, the autoclave was depressurlzed. and the gaseous components we^t^m- 
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duced into a wet flow meter where a total volume thereof was measu red. Then, the gaseous components were analyzed 
by gas chromatography to determine composition and quantities thereof. The reaction solution was analyzed by gas 
chromatography using n-undecane as internal standard to detemnine the quantity of a-oleflns. The solid components 
were separated by filtration, dried at 120^*0 for 12 hours, and then subjected to quantitative analysis. As a result, it 
was confirmed that the total amount of the reaction products was 39 g. The oligomerization activity per unit weight of 
iron metal was 2,770 kg/g-Fe-h. The results of measurement of the composition and purity of the reaction products are 
shown in Tables 1 and 2, respectively. In the Tables, Cx represents a fraction having a carbon number of x; C^q 
represents a fraction having a carbon number of 20 or more; and the "heavy components" represent solid polymers 
obtained by the polymerization. 

EXAMPLE 6 

[0106] The same procedure as in Example 5 was repeated except that the reaction was conducted by using Com- 
pound 2 obtained in Example 2. The results are shown in Tables 1 and 2. 

EXAMPLE 7 

[0107] The same procedure as In Example 5 was repeated except that the reaction was conducted by using Com- 
pound 3 obtained in Example 3. The results are shown in Tables 1 and 2. 

EXAMPLE 8 

[0108] The same procedure as In Example 5 was repeated except that the reaction was conducted by using Com- 
pound 4 obtained in Example 4. The results are shown in Tables 1 and 2. 

COMPARATIVE EXAMPLE 3 

[0109] The same procedure as in Example 5 was repeated except that the reaction was conducted by using Com- 
pound 61 obtained in Comparative Example 1 . The results are shown in Tables 1 and 2. 

COMPARATIVE EXAMPLE 4 

[0110] The same procedure as in Example 5 was repeated except that the reaction was conducted by using Com- 
pound 62 obtained in Comparative Example 2. The results are shown in Tables 1 and 2. 



Table 1 



Composition of Products 




Examples 


Comparative Examples 


5 


6 


7 


8 


3 


4 


Total weight of products 


39 


15 


12 


8 


116 


72 


(g) 














Activity (kg/g-Fe-hr) 


2,770 


1,080 


850 


550 


8,290 


5,180 


Composition (wt%) 














C4 


32.5 


37.2 


26.9 


27.3 


9.6 


8.4 




24.5 


25.5 


22.2 


22.0 


10.2 


9.2 


Cs 


16.6 


16.0 


17.7 


16.5 


9.9 


9.0 




10.0 


8.5 


10.0 


10.0 


8.0 


8.0 




6.2 


4.8 


7.4 


6.7 


7.0 


6.9 


Ou 


3.7 


2.7 


5.0 


4.4 


5.9 


6.0 




2.2 


1.6 


3,3 


3.0 


5.1 


* 5.2 


C18 


1.3 


1.0 


2.2 


2.1 


4.4 


4.5 




2.7 


2.6 


5.3 


5.7 


20.3 


22.0 


heavy components 


0.3 


0.0 


0.0 


2.1 


19.4' 


20.7 
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Table 2 





Purity of Products 




Examples 


Comparative Examples 


5 


6 


7 


8 


3 


4 


Purity {%) 














Cu 


96.05 


96.57 


97.20 


97.21 


96.55 


96.33 




94.76 


95.62 


96.67 


96.19 


95.62 


95.16 


^18 


94.37 


94.70 


96.24 


95.30 


94,95 


94,69 



EXAMPLE 9: Preparation of Compound 1 6 

(1) Preparation of iigand precursor: 2,6-dibenzoylpyrldlne 

[0111] A round-bottom two-neck flask equipped with a reflux condenser was charged with 12 2 q (91 5 ml) of AlCU 
andtheinner atmosphere oftheflaskwasreplacedwithnitrogen.Totheflaskwasaddedabenzenesdutionco^^ 
UlflTT- ^'^^ ^ °^ 2,6-pyridinedicarbonyl dichloride, and the resultant mixture was 

heated wh'le stHTing and refluxed for 5 hours. After allowing the obtained reaction mixture to stand for cooling an 
aqueous NaHCOa solution was gradually added to deactivate AICI3. The reaction solution was extracted with toluene 
The organic phase was dried over anhydrous MgSO^, and then the solvent was distilled off. The obtained reaction 
product was punf.ed by silica gel column chromatography (hexane/ethyl acetate = 1 0/1 by volume) to obtain 6 78 g of 
2,6-diben2oylpyndine as a Iigand precursor (yield: 80%). 

IH-NIVIR, [270 IVIH2. solvent: CDCI3. standard: chlorofom, (57.24)]: 57.42 (4H. m-position of benzene ring. dd). 57 57 

(2) Preparation of Iigand: 2,6-dibenzoylpyridine-di(2-fnethylphenyl)imine 

fiVtS "^^^'f^'"" ^■^'^ 9 ("^'^ '"^^l) °f o-to""!dine in 10 ml of tetrahydrofuran (THF) was 

loSbn^Jhi? if' °' ' '"""^'"^ -'^'^ ^° ^ °^ obtained reacZ 

r^^T.T. i K , ^°°"1.*^'"P^^^^^« then slowly dropped to a THF solution (1 0 mO containing 0.20 g (0.67 

Th ml ■ f H?/ T '"^'"^ ^° '"'""^^^^ ^''^^^^'-^ Li salt was deactivated 

H ■ T !" •^''"""'^ under reduced pressure. The reaction product was then mixed 

reate?i^ tmT' T T"!' '"'''"^ '^^'"^"^ °^ ^^^'^ P'^^^-- t^^-^- the product was 

heated to lOO'C under reduced pressure (1 mmHg) to remove the excessive toluidine. to obtain 0.32 g of 2 6-diben- 
zoylpyridine-di(2-methylphenyl)imine as a Iigand (yield: 50%). 3 o' -^.o cuoen 

(3) Preparation of iron complex (Compound 1 6) 

S!lI?«h^„Tf ^'l."' r'""°" T^^'li"^ ^" "'^""^ ^'""""^ °^ F«Cl2(H20), was added to a dichloromethane solution 
of the above hgand. It was confimied that the aimed complex was produced immediately after the addition and the 
eac^ on solutron was colored dari< blue. After distilling off the soh^ents. the residue was extLted with dichloromethane 
to obtain the iron complex (Compound 1 6). un-inuiorneinane 

EXAMPLE 10: Oligomerization of Ethylene 

n^lrJnTj r""^', T"""'' °* ^"'^ 2 ° °' ^ °f polymethylalumoxane (available 

cI^ZcuSTJ hhT'^'^"^ ' '^'"^^^^ ^"'^ '"I °f ^ 1 t°'"ene suspension 

of Compound 1 6 was added to the autoclave. Further. 10 g of n-undecane as an intemal standard was added to the 

autoclave, and the resultant mixture was heated to 50-C. After heating, while continuously feeding eSySne into the 
autoclave so as to maintain an inner pressure of the autoclave at 1 .0 MPa. the reaction was conducted at 50»C for 30 

3]jereafter, a 1 -mol/liter sodium hydroxide aqueous solution was added to stop the reaction 
J?l 5- . ';7P'et!°" °f the reaction, the autoclave was depressurized, and the gaseous components were intro- 
duced into a wet flow meter where a total volume thereof was measured. Then, the gaseous components werranaLzed 
by gas chromatography to detem^ine composition and quantities thereof. The reaction solution was aLTanalS^ 
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gas chromatography using n-undecane as internal standard to determine a quantity of a-olef ins. The solid components 
were separated by filtration, dried at 120*C for 12 hours, and then subjected to quantitative analysis. As a result, it 
was confirmed that a total amount of the reaction product was 69 g. The oligomerization activity per unit weight of iron 
metal was 4,900 kg/g-Fe-hr. The results of measurement of the composition and purity of the reaction products are 
shown in. Tables 3 and 4, respectively. In the Tables, Cx represents a fraction having a cariDon number of x; C+20 
represents a fraction having a carbon number of 20 or more; and the "heavy components" represent solid polymers 
obtained by the polymerization. 

COMPARATIVE EXAMPLE 5 

[0116] The same procedure as in Example 10 was repeated except that the reaction was conducted by using Com- 
pound 61 . The results are shown in Tables 3 and 4. 

EXAMPLE 11: Oligomerization of Ethylene (Compound 16) 

[01 17] The same procedure as in Example 1 0 was repeated except that the reaction was conducted at 70* C Instead 
of 50*0. The results of the analysis of a-olef in distribution and purity are shown in Tables 3 and 4. 

EXAMPLE 12: Oligomerization of Ethylene (Compound 16) 

[0118] The same procedure as In Example 10 was repeated except that the toluene solution of polymethylalumoxane 
was added in an amount of 4.0 ml instead of 2.0 ml, and the reaction was conducted at a temperature of 90'*C Instead 
of SO'C. The results of the analysis of a-olefin distribution and purity are shown in Tables 3 and 4. 

EXAMPLE 13: Oligomerization of Ethylene (Compound 16) 

[01 1 9] The same procedure as in Example 1 0 was repeated except that the reaction was conducted under a pressure 
of 3.5 MPa instead of 1 .0 MPa. The results of the analysis of a-olefin distribution and purity are shown in Tables 3 and 4. 

EXAMPLE 14: Preparation of Compound 63 

(1) Preparation of ligand precursor: 2,6-di(2,5-xyloyl)pyridlne 

[0120] The same procedure as in Example 9(1) was repeated except that the reaction was conducted by using a p- 
xylene solution Instead of the benzene solution. As a result, 10.1 g of 2,6-di(2,5-xyloyl)pyridine as a ligand precursor 
were obtained (yield: 98%). 

^H-NMR [270 MHz, solvent: CDCI3, standard: chlorofomn (57.24)]: 52.16 (6H, CH3, s), 52.21 (6H, CH3, s), 56.69-7.20 
(6H, benzene ring, m), 58.09 (1H, 4-position of pyridine ring, t), 58.26 (2H, 3-posltion of pyridine ring, d). 

(2) Preparation of ligand: 2,6-di(2,5-xyloyI)pyridine-di(2-methylphenyl)imine 

[0121] Into a solutlon.of 1 .03 g (3.0 mmol) of 2,6-di(2,5-xyloyl)pyridine prepared In the step (1) dissolved in 20 ml of 
methanol, 1 .6 ml of o-toluidlne (1 5.0 mmol) and several droplets of fonnlc acid were added to initiate the reaction. After 
stirring the reaction solution over night, the precipitated solids were filtered out and washed with 5 ml of methanol three 
times, thereby obtaining 2,6-di(2,5-xyloyI)pyridine-di(2-methylphenyl)imine as the titled ligand (yield: 30%). 
1H-NMR [270 MHz, solvent: CDCI3, standard: chlorofomn (57.24)]: 61.68 (6H, CH3, s), 52.08 (6H. CH3, s), 52.29 (6H, 
CH3, s), 56.32-7.11 (14H, benzene ring, m), 57.95 (1H, 4-position of pyridine ring, t), 58.42 (2H, 3-position of pyridine 
ring, d). 

(3) Preparation of iron complex (Compound 63) 

[01 22] The same procedure as in Example 9(3) was repeated except that the reaction was conducted by using 2,6-di 
(2,5-xyloyI)pyridine-di(2-methyIphenyl)imlne prepared In the step (2) Instead of 2,6-dibenzoylpyridlne-di(2-methylphe- 
nyl)imine. As a result, the titled iron complex (Compound 63) was produced nearly quantitatively. 

EXAMPLE 15: Oligomerization of Ethylene (Compound 63) 

[0123] The same procedure as in Example 10 was repeated except that the reaction was conducted by using Com- 
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pound 63 prepared in Example 1 4 instead of Compound 1 6 and using a toluene solution of polymethyl alumoxane 4 0 
ml instead of 2.0 ml. The results of the analysis of a-olefin distribution and purity are shown in Tables 3 and 4. 

EXAIVIPLE 16: Oligomerization of Ethylene (Compound 63) 

^V^^L I!"^ ^^""^ procedure as in Example 1 5 was repeated except that the reaction was conducted at 70»C instead 
Of 50 C. The results of the analysis of a-olefin distribution and purity are shown In Tables 3 and 4. 

EXAMPLE 1 7: Preparation of Compound 64 

(1) Preparation of Iigand precursor: 2,6-di(2.4.6-mesityloyl)pyridine 

[0125] The same procedure as in Example 9(1) was repeated except that the reaction was conducted by using a p- 
c^'r ::;^:b"tre:^^^^^^^^^ ^ ^.^-^it^AS-mesityloyOpyridme as a liganS pi 

1H-NMR [270 IVIHz, solvent: CDCI3, standard: chiorofonn (87 24)]- 

S 02 ??«Sf' ^"3. s). 52.31 (6H. CH3. s), 66.62 (2H. benzene ring. s). 66.73 (2H. benzene ring. s). 

OB.u^-B.28 (3H, pyndine ring, m) 

(2) Preparation of iigand: 2,6-di(2,4.6-mesityloyl)pyridine-di(2-methylphenyl)imine 

!p?? '^^^T ^'^^"^Pl^ 9(2) was repeated except that the reaction was conducted by using 2 6-di 

(2,4^5-mesityloyl)pyndine prepared in the step (1 ) instead of 2,6-diben2oylpyridine. As a result, 2.6-di(2 4 6-mesity'lovn 
pyndine-di(2-methylphenyl)imine as a Iigand was obtained (yield: 65%). mesiiyioyi) 

(3) Preparation of iron complex (Compound 64) 

WaV ^^^T P."!''®^"'^ E'^^'^P's 9(3) was repeated except that the reaction was conducted by using 2 6-di 
(2.4.6-mesityloyl)pyndine-di(2-methylphenyl)imineprepared inthestep (2) instead of 2,6-dibenzoylpyridine-di(2-meth- 
ylphenyl).m,ne. As a result, the titled iron complex. (Compound 64) was produced neariy quanfitaSr 

EXAMPLE 1 8: Oligomerization of Ethylene (Compound 64) 

[0128] The same procedure as in Example 15 was repeated except that the reaction was conducted by usina Com- 
EXAMPLE 19: Oligomerization of Ethylene (Compound 64) 

SSr '^t Pro«^dure as in Example 1 8 was repeated except that the reaction was conducted at 70OC instead 
of 50 C. The results of the analysis of a-olefin distribution and purity are shown in Tables 3 and 4. 

EXAMPLE 20: Oligomerization of Ethylene (Compound 64) 

-^f Tf P''°'=f^"'^ ^ E^^f^P'^ 1 8 was repeated except that the reaction was conducted at 90»C for 20 
Tables 3 and 4 '° '"''"'^ °' °* ""'^"^ '^'^'^^^^'^ ^'^^ P""^ are shownin 

EXAMPLE 21 : Preparation of Compound 65 

(1) Preparation of Iigand: 2,6-dibenzoylpyridine-di(2-methyl-4-fluorophenyl)imine 

0°8ro\3 0 mr^^n of'LTwi"'" ^"Z" ^.^'^^^ '^^'^ '^^^^'^'^ ^"=^P* ^^^^ the reaction was conducted by using 
0.86 g (3.0 mmol) of 2,6-d,benzoylpyndine prepared in Example 9(1) instead of 1 .03 g (3.0 mmol) of 2 6-di(2 5 xyiovO 
pyndme and using 1 .7 ml (15.0 mmol) of 4-fluoro-2-methylaniline instead of o-toiuidine As a result 2 Id benzS 
nd.ne-di(2-methyl-4-fluorophenyl)imine as the titled Iigand was obtained (yield- 65%) «iibenzoylpy 
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(2) Preparation of iron complex (Compound 65) 

[0132] The same procedure as in Example 9(3) was repeated except that the reaction was conducted by using 
2,6-dibenzoylpyridine-dl(2-methyi-4-fiuorophenyl)imine prepared in the step (1) instead of 2,6-dibenzoyIpyridine-di 
(2-methylphenyl)imine. As a result, the titied iron complex (Compound 65) was produced nearly quantitatively 

■ 

EXAMPLE 22: Ollgomerization of Ethylene (Compound 65) 

[01 33] The same procedure as in Example 1 5 was repeated except that the reaction was conducted by using Com- 
pound 65 prepared in Example 21 instead of Compound 64. The results of the analysis of a-olefin distribution and 
purity are shown in Tables 3 and 4. 

COMPARATIVE EXAMPLE 6: Oligomerization of Ethylene (Compound 61) 

[0134] The same procedure as in Comparative Example 5 was repeated except that the reaction was conducted 
under a pressure of 3.5 MPa instead of 1 .0 MPa. The results of the analysis of a-olefin distribution and purity are shown 
in Tables 3 and 4. 



Table 3 Composition of Products 
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Table 3 (ContdO 
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Preparation of 2,6-diacetylpyridine-bis(4-fluoro-2-tolylimine) iron dichloride complex (Compound 49) 
55 (1) First Step (Imination) 

SmJh^'^f ^''^'^K'^'"! (molecular weight: 163.18; 490 mg; 3.00 mmoQ placed in a 20-ml round bottom flask 
5mlofmethanolwasaddedandthemixturewasstirred.T7iefIaskwasfurtheraddedwith4-fiuoro-2-toluldlne(r^^^^^^^ 



32 



EP1 125 928 A1 



weight: 125.15; density: 1.126; 1.67 ml; 15.0 mmol) and then with five drops of formic acid. After ten and several 
minutes, the precipitation of crystals was initiated. After 1 .5 hours of the reaction, the solids were separated from the 
supernatant liquid by filtration and washed with methanol to obtain 2, 6-diacetylpyrjdtne-bis(4-fluoro-2-toly limine) as a 
llgand (molecular weight:377.44; 788 mg; 2.09 mmol; yield: 69.5%). 
5 [0136] The ^H-NMR chart of the ligand (90 MHz; solvent: CDCI3; standard: tetramethylsilane (50.00)) is shown in 
Fig. 1 as the NMR chart N0.I . 

(2) Second Step (Preparation of iron complex) 

10 [0137] Into a 50-ml Schlenk tube, iron (II) chloride tetrahydrate (fomnula weight: 198.81 ; 298 mg; 1 .50 mmol) was 
charged and then 10 mi of THF (tetrahydrofuran) was added to the tube to dissolve the iron chloride. Separately, the 
above 2,6-diacetylpyridine-bis(4-fluoro-2-toly!imine) (fonnuia weight: 377.44; 585 mg; 1 .55 mmol) was dissolved into 
10 ml of THF in a 50-ml Schlenl< tube. Next, the THF solution of 2,6-diacetylpyridlne-bis(4-fluoro-2-tolylimine) was 
added to the THF solution of iron (II) chloride tetrahydrate through a cannula. The cannula was washed with 1 0 ml of 

IS TH F, and the washing was added to the mixture. The reaction proceeded immediately, thereby precipitating dark violet 
crystals. After one hour, the solids were separated from the supernatant liquid by filtration, washed with 1 5 ml of diethyl 
ether twice and then dried under reduced pressure to obtain violet crystals of titled 2,6-diacetylpyridine-bis(4-fluoro- 
2-tolylimine) iron dichloride complex (molecular weight: 504.19; 645 mg; 1.28 mmol; yield: 85.5%), 

20 EXAMPLE 24 

Preparation of 2,6-diacetylpyridine-bis(5-fluoro-2-tolylimine) iron dichloride complex (Compound 50) 
(1) First Step (Imination) 

25 

[0138] To 2,6-diacetyl pyridine (molecular weight: 163.18; 490 mg; 3.00 mmol) in a 20-ml round bottom flask, 5 ml 
of methanol was added and the mixture was stirred. The flask was further added with 5-fiuoro-2-toluidine (molecular 
weight: 1 25.1 5; 1 ,877 mg; 1 5.0 mmol) and then with five drops of formic acid. After perfomning the reaction over night, 
the reaction solution was cooled to-78**C to precipitate crystals. The solids were separated from the supernatant liquid 
30 by filtration, washed with 5 ml of hexane and 5 ml of methanol and then dried under reduced-pressure to obtain titled 
2,6-diacetylpyridine-bis(5-fluoro-2-tolylimine) as a ligand (fomnula weight:377.44; 643 mg; 1 .68 mmol; yield: 55.9%). 
[0139] The ^H-NMR chart of the ligand (90 MHz; solvent: CDCI3; standard: tetramethylsilane (50.00)) is shown in 
Fig. 2 as the NMR chart No.2. 

35 (2) Second Step (Preparation of iron complex) 

[0140] Iron (II) chloride tetrahydrate (fomnula weight: 198.81 ; 298 mg; 1 .50 mmol) was charged into a 50-ml Schlenk 
tube, and then 10 mi of THF (tetrahydrofuran) was added to the tube to dissolve the iron chloride. Separately, the 
above 2,6-diacetylpyridine-bis(5-f!uoro-2-tolylimine) (molecular weight: 377,44; 585 mg; 1 .55 mmol) was dissolved into 

40 10 ml of THF in a 50-ml Schlenk tube. Next, the THF solution of 2,6-diacetyipyridine-bis(5-fluoro-2-tolyIimine) was 
added to the THF solution of iron (1 1) chloride tetrahydrate through a cannula. The cannula washed with 1 0 ml of THF, 
and the washing was added to the mixture. The reaction proceeded immediately, thereby precipitating dark violet 
crystals. After 40 minutes, the crystals were separated from the supernatant liquid by filtration, washed with 15 ml of 
diethyl ether twice and then dried under reduced pressure to obtain violet crystals of titled 2,6-diacetylpyridine-bis 

45 (5-fluoro-2-tolylimine) iron dichloride complex (molecular weight: 504.19; 719 mg; 1.43 mmol; yield: 95.2%). 

EXAMPLE 25 

Preparation of 2,6-diacetylpyridine-bis(3-fluoro-2-tolylimine) iron dichloride complex (Compound 51) 

50 

(1) First Step (Imination) 

[0141] To 2,6-diacetylpyridine (molecular weight: 163.18; 490 mg; 3.00 mmol) in a20-ml round bottom flask, 5 ml of 
methanol was added and the mixture was stirred. The flask was further added with 3-fluoro-2-toluidine (molecular 
55 weight: 125.15; density: 1 .093; 1 .72 ml; 15.0 mmol) and then with five drops of formic acid. After perfomning the reaction 
over night, the reaction solution was cooled to -78*C to precipitate crystals. The obtained solids were separated from 
the supernatant liquid by filtration, washed with 5 ml of hexane and 5 ml of methanol and then dried under reduced 
pressure to obtain 2,6-diacety!pyridine-bis(3-fluoro-2-tolyIimine) ligand (molecular weight:377.44; 967 mg; 2.56 mmol; 
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yield: 85.3%). 

[0142] -me iH-NMR chart of the ligand (90 MHz; solvent CDCI3; standard: tetramethylsllane (60.00)) is shown In 
Fig. 3 as the NMR chart No.3. 

(2) Second Step (Preparation of iron complex) 

[01 43] Iron (II) chloride tetrahydrate (fomiula weight: 1 98.81 ; 298 mg; 1 .50 mmol) was charged into a 50-ml Schlenk 
tube, and then 10 ml of IMF (tetrahydrofuran) was added to the tube to dissolve the iron chloride Separately the 
above 2 6-diacetylpyridine-bis(3-fluoro-2-tolyllmine) (molecular weight: 377.44; 585 mg; 1 .55 mmol) was dissolved into 

l^rll -rll]/ ^f"^' ^^^^"^ '^^ °f 2,6-diacetylpyridine-bis(3-fluoro-2-tolylimine) was 

added to the THF solution of iron (II) chloride tetrahydrate through a cannula. The cannula was washed with 1 0 ml of 

; ? ""^^^'"^ ^"'"^'^ ^° *® "^^^ Pwceeded immediately, thereby precipitating dark violet 

c|ystals. After 40 minutes, the solids were separated from the supernatant liquid by filtration, washed with 15 ml of 
diethyl ether twice and then dried under reduced pressure to obtain violet crystals of titled 2,6-diacetylpyridine-bis 
(3-flu.oro-2-tolylimine) iron dichloride complex (molecular weight: 504.19; 619 mg; 1.22 mmol; yield: 81.9%). 

EXAMPLE 26 

Preparation of 2,6-pyridinedicarboxyaldehyd6-bis(4-fluoro-2-tolylimlne) iron dichloride complex (Compound 52) 

(1) First Step (Imination) 

Eirin ^'l 2.6-pyridinedicarboxyaldehyde (molecular weight: 135.12; 490 mg; 3.63 mmol) in a 20-ml round bottom 
flask. 20 ml of methanol was added and the mixture was stirred. The flask was further added with 4-fluoro-2-toluidine 
(molecular weight: 125.1 5; density: 1 .126; 1 .67 ml; 15.0 mmol) and then with five drops of formic acid. After ten and 
severa niinutes. the precipitation of crystals was initiated. After perfomiing the reaction for 2 hours, the solids were 
separated from^the supernatant liquid by filtration, washed with 5 ml of methanol three times to obtain 2 6-pyridinedi- 
rni«r-Sf i?if£*?°'°'^''°^ "9""'^ (molecular weight:349.38; 1.238 mg; 3.54 mmol; yield! 97 7%) 
£ tfe NlJiSVhart No 4 °^ "^'"'^ chlorofom, (67.24)) is shown in Fig. 4 

(2) Second Step (Preparation of iron complex) 

tT'ind'Thei''i f 17?-S??t? • ° ""^^'^ "'^^ '^^^^a^'^ « 50-ml Schlenk 

IhojA « H ^ of THF (tetrahydrofuran) was added to the tube to dissolve the iron chloride. Separately, the 

above 2 6-pyndined,carboxyaldehyde-bis(4-fluoro-2-tolylimine) (molecular weight: 349.38; 557 mg; 1 .59 mmol) was 

T,T':Zl : '.f "^""^ °f 2.6-pyridinedicar;oxyaldehyde b^ 

itnnTw ^ . ? ^""^ '^'^'^ '° ™^ °^ (") tetrahydrate through a cannula. The 

cannulawas washed withipmlofTHF,andthewashlngwasaddedtothe mixture. Thereactionprocee^^ 
thereby precipitating dark violet crystals. After perfomiing the reaction over night, the soKrent was distilled off ur^Z 

i nl S ^J^T^ ?i °' 20 ml. The solids were separated from a supernatant 

hquid by filtration and dried under reduced pressure to obtain violet crystals of titled 2,6-pyridinedicart)oxyaldehyde- 
bis(4-fluoro-2-tolylimine) iron dichloride complex (molecular weight: 476.13; 460 mg; 0.97 mmol; yield: 62.9%). 

EXAMPLE 27 

Preparation of 2.6-pyridinedicart)oxyaldehyde-bis(5-fluoro-2-toVlimine) iron dichloride complex (Compound 53) 
(1) First Step (Imination) 

flalJ^20 ml ff m^?h"ro?'^''^*rf 'S^f (molecular weight: 135.12; 490 mg; 3.63 mmol) in a 20-ml round bottom 

1!' flT . ' T ^"^ ^'^^^ '"'^^^ f '^^k f "*er added with 5-fluoro-2-tolu- 

m inutiT kT ?t 'T^' 'f'' ""^'^ ^""^ f^^" ^~P= °f Afterten and seve al 

r^nutes. the precpitabon of crystals was Initiated. After perfomiing the reaction for 2 hours, the solids were separated 

from the supernatant liquid by filtration, washed with 5 ml of methanol three times to obtain 2,6-pyridinedicaLxval- 

?nW -Il^'t" M?:!"*^'^""''"^ "3""' (molecular weight:349.38; 415 mg; 1.18 mmol; yield: 32.^4) 

as t^^ NliS'chart NT5''''' °' ''"'^^^ standard: chlorofomi (57.24)) is shown in Fig. 5 
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(2) Second Step (Preparation of iron complex) 

[01 49] Iron (I I) chloride tetrahydrate (fomnula weight: 1 98.81 ; 1 90 mg; 0.96 mmol) was charged into a 50-ml Schlenk 
tube, and then 10 ml of THF (tetrahydrofuran) was added to the tube to dissolve the iron chloride. Separately, the 

5 above 2,6-pyridinedicarboxyaldehyde-bis(5-fluoro-2-tolylimine) (fomnula weight: 349.38; 366 mg; 1 .04 mmol) was dis- 
solved into 1 0 ml of THF in a 50-ml Schlenk tube. Next, the THF solution of 2,6-pyridinedica^boxyaldehyde-bis{5-fluo^o- 
2-toiylimine) was added to the THF solution of iron (II) chloride tetrahydrate through a cannula. The cannula was 
washed with 10 ml of THF, and the washing was added to the mixture. The reaction proceeded immediately, thereby 
precipitating dark violet crystals. After performing the reaction over night, the solvent was distilled off under reduced 

10 pressure to reduce the volume of the reaction solution to 20 ml. The solids were separated from a supernatant liquid 
by filtration and dried under reduced pressure, thereby obtaining violet crystals of titled 2,6-pyridinedicarboxya!dehyde- 
bis(5-fluoro-2-tolylimine) iron dichloride complex (molecular weight: 476.13; 270 mg; 0.57 mmol; yield: 59.3%). 

EXAMPLE 28 

15 

Preparation of 2,6-pyridinedicarboxyaldehyde-bis(3-fluoro-2-tolylimine) iron dichloride complex (Compound 54) 

(1) First Step (Imination) 

20 [0150] To 2,6-pyridinedicarboxyaldehyde (molecular weight: 135.12; 490 mg; 3.63 mmol) in a 20-ml round bottom 
flask, 20 ml of methanol was added and then the mixture was stirred. The flask was further added with 3-fluoro-2-tolu- 
idine (molecular weight: 125.15; density: 1 .093; 1 .72 ml; 15.0 mmol) and then with five drops of formic acid. After ten 
and several minutes, the precipitation of crystals was initiated. After perfonning the reaction for 2 hours, the solids 
were separated from a supernatant liquid by filtration, washed with 5 ml of methanol three times to obtain 2,6-pyridin- 

25 edicarboxyaldehyde-bis(3-fluoro-2-tolylimine) ligand (molecular weight:349.38; 1 ,074 mg; 3.07 mmol; yield: 84.8%). 
[0151] The ^H-NIVIR chart of the ligand (270 MHz; solvent: CDCI3; standard: chlorofomn (57.24)) is shown in Fig. 6 
as the NMR chart No,6. 

(2) Second Step (Preparation of iron complex) 

30 

[0152] Iron (1 1) chloride tetrahydrate (fomnula weight: 198.81 ; 190 mg; 0.96 mmol) was charged into a 50-ml Schlenk 
tube, and then 10 ml of THF (tetrahydrofuran) was added to the tube to dissolve the Iron chloride. Separately, the 
above 2,6-pyridinedicarboxyaldehyde-bis(3-fluoro-2-tolylimine) (formula weight: 349.38; 547 mg; 1 .57 mmol) was dis- 
solved into 1 0 ml of THF in a 50-ml Schlenk tube. Next, the THF solution of 2,6-pyridinedicarboxyaldehyde-bis(3-fluoro- 
35 2-tolylimine) was added to the THF solution of iron (II) chloride tetrahydrate through a cannula. The cannula was 
washed with 10 ml of THF, and the washing was added to the mixture. The reaction proceeded immediately, thereby 
precipitating dark violet crystals. After performing the reaction over night, the solvent was distilled off under reduced 
pressure to reduce the volume of the reaction solution to 20 ml. The solids was separated from a supernatant liquid 
by filtration and dried under reduced pressure, thereby obtaining violet crystals of titled 2,6-pyridinedicari3oxyaldehyde- 
40 bis(3-fluoro-2-tolylimine) iron dichloride complex (molecular weight: 476.13; 488 mg; 1 .02 mmol; yield: 66.8%). 

EXAMPLE 29: Oligomerization of Ethylene 

[0153] Into a 1 -liter autoclave, 250 ml of toluene and 1 .0 ml of a toluene solution of polymethylalumoxane (available 
45 from Toso Akzo Co., Ltd., concentration: 1 mmol/ml) were charged and then 0.5 ml of a 1 -iimol/ml toluene suspension 
of Compound 49 prepared in Example 23 was added to the autoclave. Further, 10 g of n-undecane as an internal 
standard was added to the autoclave, and the resultant mixture was heated to 50*C. After heating, while continuously 
feeding ethylene into the autoclave so as to maintain an inner pressure of the autoclave at 1 .0 MPa, the reaction was 
conducted at 50**C for 30 minutes. Thereafter, a 1 -mol/liter sodium hydroxide aqueous solution was added to stop the 
50 reaction. 

[0154] After completion of the reaction, the autoclave was depressurized, and the gaseous components were passed 
into a wet flow meter where the total volume thereof was measured. Then, the gaseous components were analyzed 
by gas chromatography to detennine composition and quantities thereof. The reaction solution was also analyzed by 
gas chromatography using n-undecane as internal standard to detennine the quantity of a-olefins. The solid compo- 
55 nents were separated by filtration, dried at 120**C for 12 hours, and then subjected to quantitative analysis. As a result, 
it was conf imned that the total weight of the reaction product was 205 g. The oligomerization activity per unit weight of 
iron metal was 14,700 kg/g-Fe-hr. The composition and purity of the reaction product were measured by the same 
analyzing method as described above. The results are shown in Tables 5 and 6. In the Tables, Cx represents a fraction 
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having a carbon number of x; C*ao represents a fraction having a carbon number of 20 or more; and the "heavy com- 
ponents represent solid polymers obtained by the polymerization. 



EXAMPLE 30 



[0155] The s^e procedure as in Example 29 was repeated except that the reaction conducted using Compound 
50 prepared in Example 24. The results are shown in Tables 5 and 6. ^ompouna 



EXAMPLE 31 



sTfl^^n" „T' ^TlT^"" ^'"^P" ^"P""*^^ ^""^^^ ^^^'^ti^" '^""ducted using Compound 

51 prepared in Example 25. The results are shown in Tables 5 and 6. a 



EXAMPLE 32 



If ^ ^ ^"to'^lave. 250 ml of cyclohexane and 1 .0 ml of a cyclohexane solution of polymethylalumoxane 
(obtamed by replacing the solvent of the toluene solution of polymethylalumoxane available f rorS T^ Alio cT LW 

Tf CoTno nTn""°"''T°."^ ' T^'"'^ ^''^ '^''^^'^ """^ ^' °* « '^clohexane suspension 

of Compound 50 prepared in Example 24 was added to the autoclave. Further. 10 g of n-undecane as an internal 
standard was added to the autoclave, and the resutent mixture was heated to 50'C. After heatin^Wle Sontinl s^ 
feeding ejylene into the autoclave so as to maintain an inner pressure of the autoclave at 1 0 MPa S^^e reacron was 
conducted at50-Cfor30 minutes. Thereafter, a l-mo^liter sodium hydroxide aqueous solution Is added ^s^op^ 

[01 58] After completion of the reaction, the autoclave was depressurized, and the gaseous components were passed 
into a wet flow meter where the total volume thereof was measured. Then, the gaseous components weranatSed 

I'chromT 'h""'' *° «°'"tioS was also Inal^e^by 

gas chromatography using n-undecane as internal standard to detemiine a quantity of a-olefins. The solid comp^nente 
were separated by filtration, dried at 120'C for 12 hours, and then subjected to quantitative ar^alysis A^a S ^ 

Ton metZf ^nVn': IT' °' 9- °"gomerizaton act^^Tper Jnit we^h o 

LnlTnn t T . <^°'^P°^*on and purtty of the reaction product were measured by the same 

analyzing method as described aboye. The results are shown in Tables 5 and 6. 

COMPARATIVE EXAMPLE 7 

S.unH Ri?r^ ^'T'^"'^ ^^^P'^ '^P^^*^'^ ^^'^^Pt tf^e fraction was conducted by using Com- 
pound 61 prepared in Comparative Example 1 . The results are shown in Tables 5 and 6. 

EXAMPLE 33 

Sbl j flom Ald^^h HH ' °' ff'^'"^^^^- of a toluene solution of tetraisobutyl dialuminoxane 

(available from Aldrich Co.. Ltd.. 0.18 mmol in temis of aluminoxane) were charged and then 0 4 ml of a 1-umol/O 1ml 
toluene suspension of Compound 49 prepared in Example 23 was added to the autoclave. Furth^ 0 g o n undecan J 
as an internal standard was added to the autoclave, and the resultant mixture was heated to 5o4 After hea^na Se 
continuous^ feeding ethylene into the autoclave so as to maintain an inner pressure of the alcire at 1 J wPa I^e 

to stop the reac ion. After completion of the reaction, the autoclave was depressurized to obtain a reaction sofirtion 
auJZT Tf'^^r l-?^"' Chromatography using n-undecane as internal standard to Sten^^e the 

quantity ofa-olefins The solidcomponents were separated byfiltration,driedat120»Cfor12hours.^ 

t ' ^^-"-^^ ^^^^ - -^^^ - — p-- was i 



EXAMPLE 34 

(1) Preparation of clays 



sIiIL fTj ? (Phyllosilicates; available from Kunimine Kogyo Co.. Ltd ) into a 

Schlenk tube, and the tube was evacuated in vacuo and the atmosphere was replaced with nitrogen T^en 40 mJof 
toluene was added to the clay to form a suspension. To the suspension was then added 3.33 .J^ ofa totnetolut on 



36 



1 



EP1 125 928 A1 

of tetraisobutyl dialuminoxane (available from Aldrich Co., Ltd.; 0.3 mmol/ml), and the resultant nnixture was stirred at 
100*C for one hour. The mixture was further mixed with 60 ml of toluene, and then allowed to stand. After the super- 
natant liquid was decanted off, the precipitate was added with toluene so as to adjust the total volume to 1 00 ml. 

5 (2) Preparation of catalyst 

[0162] To 8 ml of the clay solution prepared in the step (1) (containing 160 mg of clay), 0.2 ml of a 1-p.moI/O.lml 
toluene suspension of Compound 50 prepared in Example 24 was added. The resultant mixture was stirred for 1.5 
hours by a magnetic stirrer. 

10 

(3) Oligomerization of Ethylene 

[0163] Into a Miter autoclave, 250 ml of cyclohexane and 3 ml of a toluene solution of tetraisobutyl dialumoxane 
(available from Aldrich Co., Ltd.; 0.9 mmol in terms of aluminoxane) were charged and then a whole amount of the 

15 catalyst solution prepared in the step (2) was added to the autoclave. Further, 10 g of n-undecane as an internal 
standard was added to the autoclave, and the resultant mixture was heated to 50'*C. After heating, while continuously 
feeding ethylene into the autoclave so as to maintain an inner pressure of the autoclave at 1 .0 MPa, the reaction was 
conducted at 50*C for 30 minutes. Thereafter, a 1 -mol/liter sodium hydroxide aqueous solution was added to stop the 
reaction. After completion of the reaction, the autoclave was depressurized to obtain a reaction solution. The reaction 

20 solution was analyzed by gas chromatography using n-undecane as internal standard to determine the quantity of a- 
olef ins. The solid components were separated by filtration, dried at 1 20*C for 1 2 hours, and then subjected to quanti- 
tative analysis. As a result, it was confimned that the total weight of the reaction product was 1 01 .3 g. The results are 
shown in Tables 5 and 6. 

25 EXAMPLE 35 

(1 ) Preparation of clays 

[0164] After charging 2g of organic clay S-BEN (phyllosilicates; available from Kunimine Kogyo Co., Ltd.) into a 
30 Sch lenk tube, the tube was evacuated in vacuo and the atomsphere was replaced with nitrogen. Then, 40 ml of toluene 
was added to the clay to fonrt a suspension. To the suspension was then added 3.33 ml of a toluene solution of 
tetraisobutyl dialuminoxane (available from Aldrich Co., Ltd.; 0.3 mmol/ml), and the resultant mixture was stirred at 
1 00**C for one hour. The mixture was further added with 60 ml of toluene, and then allowed to stand. After the super- 
natant liquid was decanted off, the precipitate was added with toluene so as to adjust the total volume to 1 00 ml. 

35 

(2) Preparation of catalyst 

[01 65] To 8 ml of the clay solution prepared in the step (1 ) (containing 1 60 mg of clay), was added 0.2 ml of a 1 -^unoi/ 
0.1ml toluene suspension of Compound 50 prepared in Example 24. The resultant mixture was stirred for 1.5 hours 
40 by a magnetic stirrer. 

(3) Oligomerization of Ethylene 

[0166] Into a 1 -liter autoclave, 250 ml of toluene and 3 ml of a toluene solution of tetraisobutyl dialumoxane (available 
45 from Aldrich Co., Ltd.; 0.9 mmol in terms of aluminoxane) were charged and then a whole amount of the catalyst 
solution prepared in the step (2) was added to the autoclave. Further, 1 0 g of n-undecane as an internal standard was 
added to the autoclave, and the resultant mixture was heated to 50**C. After heating, while continuously feeding ethylene 
into the autoclave so as to maintain an inner pressure of the autoclave at 1 .0 MPa, the reaction was conducted at 50'*C 
for 30 minutes. Thereafter, a 1 -mol/liter sodium hydroxide aqueous solution was added to stop the reaction. After 
50 completion of the reaction, the autoclave was depressurized to obtain a reaction solution. The reaction solution was 
analyzed by gas chromatography using n-undecane as internal standard to detennine the quantity of a-olefins. The 
solid components were separated by filtration, dried at 120**C for 12 hours, and then subjected to quantitative analysis. 
As a result, it was confirmed that the total weight of the reaction product was 1 1 4.3 g. The results are shown in Tables 
5 and 6. 
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Table 5 Composition of Products 



10 



15 



20 



Total weight of 
products (g) 
Activity (kg/g-Fe • hr) 
Composition (wt%) 

Ce 
C3 

Cio 
C12 

Ch 

C16 
C18 

heavy components 







BS 




29 


30 


31 


32 


205 


183 


233 


151 


14,700 


13.100 


17,000 


10.800 


9.5 


14.9 


9.9 


15.4 


9.9 


14.5 


10.2 


14.5 


9.5 


12.8 


9.6 


12.5 


7.8 


10.1 


7.7 


9.3 


6.6 


7.9 


6.4 


7.1 


5.6 


6.2 


5.4 


5.4 


4.7 


4.8 


4.6 


4.2 


4.1 


3<8 


4.0 


3.5 


20.1 


13.7 


20.2 


11.2 


22.2 


11.3 


21.8 


16.8 
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Table 5 (Contd.) 



30 



35 



40 



45 



50 



Total weight of 
products (g) 
Activity Ckg/g-Fe'hr) 
Composition (wt%) 

a 

Ca 
Cjo 

c„ 

heavy components 





Examples 




Comparative 


33 


34 


35 


7 


116.5 


101.3 


114.3 


116 


1,043 


1,814 


2,046 


8,290 


24.2 


20.3 


22.2 


9.8 


20.9 


18.2 


19.5 


10.2 


16.4 


14.7 


15.6 


9.9 


11.2 


10.6 


10.8 


8.0 


7.8 


7.7 


7.6 


7.0 


5.5 


5.5 


5.5 


5.9 


3.9 


4.0 


4.0 


5.1 


2.9 


3.1 


3.2 


4.4 


6.9 


11.4 


9.9 


20.3 


0.4 


4.5 


1.7 


19.4 
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Table 6 Purity of Products 







Examnles 






29 


30 


31 


32 


Purity (%) 
Cm 


96.04 
95.21 
94.75 


94.24 
92.81 
92.04 


95.40 
94.70 
93.97 


91.75 
90.77 
89.92 


Table 6 (ContcL) 






Examples 




Comparative 

Examples 




33 


34 


35 


7 


Purity (%) 

Gift 


94.29 
92.79 
91.49 


98.59 
98.55 
98.58 


98.76 
98.71 
98.59 


96.55 
95.62 
94.95 



INDUSTRIAL APPLICABILITY 

[0167] The catalyst comprising the transition nnetal compound of the present invention containing a transition metal 
selected from the group consisting of elements of Groups 8 to 10 of the Periodic Table, exhibits a high ethylene- 
oligomerization activity, and being capable producing a-olefins from ethylene with less amounts of by-products such 
as heavy components or waxes with low costs. 

Claims 

1 , A transition metal compound represented by the general formula (1 ): 




(D 



wherein IVI is a transition metal selected from the group consisting of elements of Groups 8 to 10 of the Periodic 
Table; R'' to R^ are independently a hydrogen atom, a halogen atorh, a C^-Cgo hydrocarbon group, a C^C^q 
halogenated hydrocarbon group or a hetero atom-containing group, and may be bonded to each other to fomr» a 
ring; and RS are a hydrogen atom or a C^-C2o hydrocarbon group with the proviso that at least one of R^ and 
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R5 represents a hydrogen atom, aryl or substituted aryi; RS to Ris are independently a hydrogen atom, a halogen 
atom, a C1-C20 hydrocarbon group or a hetero atom-containing group with the proviso that at least one of RS and 
R 0 or at least one of RH and R15 is a hydrogen atom, and RS to Ris may be bonded to each other to fomi a ring- 
X IS a covalent or ionic bonding group, and when a plurality of X groups are present, these groups may be the 
same or different; and n is a valence of M; 

2. The transition metal compound according to Claim 1 , wherein the transition metal M is iron or cobalt. 

3. A transition metal compound represented by the general formula (2): 



15 



20 



25 




(2) 



30 



35 



40 



45 



50 



55 



Wherein M is a transition metal selected from the group consisting of elements of Groups 8 to 10 of the Periodic 
Table; R31 to are independently a hydrogen atom, a halogen atom, a C,-C^ hydrocarbon group, a C,-C,„ 
halogenated hydrocarbon group or a hetero atom-containing group; R34 and R35 are independently a hydrogen 

Tl °R37?' ^y*^":"^*?" ^'■^"P'' f^"" ^"'^ f^^' « C,-C2o hydrocarbon group; R36 and R41 are a hydrogen 
atom, R3r to R39 are independently a hydrogen atom, a halogen atom or a C,-C^ hydrocarbon group with the 
proviso that at least one of R37 to R39 represents a halogen atom; R42 to R44 are Independently a hydrogen atom 

!tnm'' nai f °^35°' ^SJ^'I^^^"™''^*''" 3'°"^ P^^'^^ ^'^^^ ^ °f t° represents a halogen 

atom, R31 to R35 or R36 to R45 may be bonded to each other to fomi a ring; X Is a covalent or ionic bonding group 

and when a pluralrty of X groups are present, these groups may be the same or different; and n is a valence of M." 

4. The transition metal compound according to Claim 3, wherein the halogen atom is fluorine. 

5. The transition metal compound according to Claim 3 or Claim 4. wherein R37 and R« are fluorine. 

6. The transition metal compound according to any one of Claims 3 to 5. wherein R40 and R« are methyl. 

7. The transition metal compound according to any one of Claims 3 to 6, wherein the transition metal M is Iron orcobalt. 

8. A catalyst for the production of a-olefins, comprising: 

(A) the transition metal compound according to any one of Claims 1 to 7; and 

(B) at least one compound selected from the group consisting of an organoaluminum compound (B-1) an 
ionic compound (B-2) capable of converting the transition metal compound into a cationic transition metal 
compound, a Lewis acid (8-3), and clay, clay mineral and an ion-exchangeable layer compound (B-4). 

A catalyst for the production of a-olefins, comprising: 

(A) the transition metal compound according to any one of Claims 1 to 7- 

(B) at least one compound selected from the group consisting of an organoaluminum ciimpound (B-1) an 
ionic compound (B-2) capable of converting the transition metal compound into a cationic transition metal 
compound, a Lewis acid (B-3). and day, clay mineral and an Ion-exchangeable layer compound (B-4)- and 



9. 
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(C) an organometallic compound. 

10. The catalyst according to Claim 8 or Claim 9, wherein the component (B) is alkyi aluminoxane. 

11. The catalyst according to Claim 8 or Claim 9, wherein the component (B) is tetraisobutyl dialuminoxane. 

12. The catalyst according to Claim 8 or Claim 9, wherein the component (B) is a boron compound. 

13. The catalyst according to Claim 8 or Claim 9, wherein the component (B) is phyllosilicate mineral. 

1 4. A process forthe production of a-olefins, comprising a step of polymerizing ethylene in the presence of the catalyst 
according to any one of Claims 8 to 13. 
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